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Commercially Available = 


Transistor Bidirectional Limiter ae 
Power Inversion Techniques A 


Junction Transistor Measurements and Standards 


A-millimicrosec silicon 
mesa computer diodes 


High maximum average rectified forward current (75 ma) 


Low maximum capacitance (2 uuf or 4 uf at zero volts bias) 
High minimum forward conductance (10 ma at 1 v) 
Maximum reliability (Tl mesa process, TI hard-glass case) 


ea DISSIPATION 
MOLYBDENUM HEAT SINK 


4 INHERENT HIGH RELIABILITY 
DIFFUSED SILICON RUGGES 
HARD GLASS 
a GOLD PLATED 
STFA J , LEADS FOR 
an tip SOLDERABILITY 
——— = : =e a 


Contact your nearest 
TI sales office today for 
complete specifications 
on the 1N914 and 1N916 
(Bulletin DL-S 1203). 


GENERAL PURPOSE DIODES e PHOTO DIODES 
e VOLTAGE REFERENCE DIODES e COMPUTER 
DIODES e VOLTAGE REGULATORS e RESISTORS 
AND CAPACITORS e CONTROLLED RECTIFIERS 
e HIGH-CURRENT RECTIFIERS e SPECIAL POTTED 
MODULES, NETWORKS, “BRIDGES & COMPLETE 
CIRCUIT FUNCTIONS e ECONOMY RECTIFIERS 
e MEDIUM- & HIGH-VOLTAGE RECTIFIERS 
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Design NOW with industry’s fastest high-voltage computer diode 
and benefit from the speed of 4-millimicrosecond switching* and thi 
design safety provided by 75-v PIV. 


TI 1N914 and TI 1N916 silicon mesa computer diodes also featur: 
high rectification efficiency (45% at 100 mc), ruggedness and relia 
bility through the combination of the TI mesa process and the T 
hard-glass package. Both types meet or exceed MIL-S-19500B, with 
standing acceleration of 20,000 G’s, shock of 1,000 G’s for 1.5 msec 
and vibration of 30 G’s. 


Put them to work NOW in your high-speed computer circuitry fe 
missiles and space vehicles. They are ready in production quantitie 
through your nearest TI sales office, or in 1-999 quantities off-the 
shelf at factory prices from your authorized TI distributor. 


*10-ma forward, 6-v reverse, recover to 1-ma reverse 


INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 . DALLAS. TEXAS 


How to 
stop worrying 
about 
COSTLY 
SILICON 
SCRAP 


Want to overcome the nagging problem of costly silicon 
scrap? 


It’s easy. Just specify Merck Single Crystal Silicon. 


At one fell swoop you get rid of silicon rejects due to poor 
size control. Merck Single Crystal Silicon is of uniform 
diameter all the way down... good to the last millimeter. 
You won’t get stuck with unusable butt-ends. 


But that’s not all. Float zone-refined Merck Single Crys- 
tal Silicon is uncompensated. Resistivities stay. uniform 
day in, day out; month in, month out . . . whether you 


use p-type or n-type Merck Silicon. Your rejects due to 
unsatisfactory resistivities fall to zero. 


Merck has the Single Crystal Silicon to meet your needs. 
Write, wire or phone today for specifications. 
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Electronic Chemicals Division = 
MERCK &CO. Inc.» ranway. NEw JERSEY & 


for immediate delivery of 


GENERAL 
INSTRUMENT 


semiconductors 


at factory prices 


call your authorized 
stocking distributor 


CALIFORNIA 

Electronic Supply Corp. 
Pasadena 5 

Newark Electronics Corp. 
Inglewood 

Pacibic Wholesale Co. 
San Francisco 

Valley Electronic Supply Co. 
Burban 


CONNECTICUT 

Sun Radio & Electronics Co., Inc. 
Stamford _ 

The Bond Radio Supply, Inc. 
Waterbury 


FLORIDA 

Electronic Supply t 
Melbourne; branches in 
Miami, Orlando, St. Petersburg 


ILLINOIS 

Merquip Company 
Chicago : 

Newark Electronics Corp. 
Chicago 


INDIANA 

Brown Electronics, Inc. 
Fort Wayne 

Graham Electronics Supply, Inc. 
Indianapolis 


MARYLAND 
Radio Electric Service Co. 
Baltimore 


MASSACHUSETTS 
The Greene-Shaw Co., Inc. 
Newton 


NEW YORK 

Delburn Electronics, Inc. 
New York City 

Hudson Radio & Television Corp. 
New York City 

Sun Radio & Electronics Co., Inc. 
New York City 

Standard Electronics, Inc. 
Buffalo, N.Y. 


OH'O 

Buckeye Electronics Distributors 
Columbus 

The Mytronic Co. 

_ Cincinnati 

Pioneer Electronic Supply Co. 
Cleveland 


OKLAROMA 
Oil Capitol Electronics 
Tulsa 


PENNSYLVANIA 

D & H Distributing Co. 
Harrisburg 

Herbach & Rademan, Inc. 
Philadelphia 


TEXAS 
Scooter’s Radio & Supply Co. 
Fort Worth 


WASHINGTON 
Seattle Radio Supply Co. 
Seattle 


WISCONSIN 
Radio Parts Co., Inc. 
Milwaukee 


CORPORATION 


240 Wythe Avenue 
Brooklyn 11, N.Y. 
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Front Cover 


Depicts the solid circuit network bonding of leads to the active 
elements. Solid circuit semiconductor networks are produced by 
techniques which are logical extensions of mesa production tech- 
niques. Diffusion, oxide-masking evaporation, and chemical form- 
ing are used to make a single crystal semiconductor wafer perform 
the function of a complete circuit. Photograph courtesy of Texas 


Instruments Incorporated. 
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GENERAL INSTRUMENT SCOR 


all the 


JAN 


TYPES 
fo meet MIL-E-1 specifications 


Type 
1N253 


Type 
Maximum Values for GENERAL INSTRUMENT Military Type Silicon Rectifiers 1N254 
Peak Maximum MIL-E-1 
Reverse DC Output Current (MA) Reverse Technical 
Type Voltage Av. @ 135°C, @ 25°C. @ 150° C. Current Spec. 
No. (VDC) Case Temp. Ambient Ambient (MA) Mounting Sheet No. 
IN253 100 1000 - Oca Stud 1024A 
1N254 200 400 - Un" Stud 989B 
1N255 400 400 - 0.15* Stud 990B 
} 1N256 600 200 - 0.25* Stud 991B 
: 1N538 200 - 750 0.3507 Axial Lead 1084A 
} 1N540 400 ~ 750 0.3507 Axial Lead 1085A 
: ; 1N547 600 - 750 2 0.350F Axial Lead 1083A 
f 
/ *Averaged over 1 cycle for inductive or resistive load with rectifier 


operating at full rated current; case temperature 135° C. 


tAveraged over 1 cycle for inductive or resistive load with rectifier 
operating at full rated current at 150° C, ambients. 


Without qualification, these rectifiers are the finest available 
today, designed and manufactured to meet stringent govern- 
ment requirements and General Instrument’s exceedingly high 
quality control standards. 


General Instrument also makes a complete line of JAN type 
subminiature glass encapsulated germanium and silicon diodes 
...and all are offered in volume quantities for on time delivery 
at prices that reflect our years of production experience. Data 
sheets on any of these diodes or rectifiers are available upon 
; request. 


1N256 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, N. J. 
Midwest office: 5249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Blvd., Los Angeles 25 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC MANUFACTURING DIVISION, SEMI- 
CONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELEC- 


TRONICS MANUFACTURING CORPORATION AND GENERAL INSTRUMENT — F,. W. SICKLES OF CANADA LTD. (SUBSIDIARIES) 
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One of many assembly lines of skilled 


operators employing AO CYCLOPTIC David Fish 
Stereoscopic Microscopes to assemble ad- 

vanced germanium computer transistors ART EDITOR 

at Texas Instruments vast Semiconductor Igor Sovern 


—Components division in Dallas, Texas. 


BUSINESS STAFF 


Here’s how Texas Instruments CO eee 
. Turok, Controller 


mass produces precision transistors | | overrising sALes 


with AO’s CYCLOPTIC Microscope EAST & MIDWEST 


Richard A. Cowan, 


ee te Jack N. Schneider, 
oe 300 West 43rd Street, 
Precision assembly of minute components for transistor production offers no New York 36, N. Y. 
problem to the skilled workers at Texas Instruments. Using the AO CYCLOPTIC JUdson 2-4460 
Stereoscopic Microscope, material that is practically invisible to the eye assumes WEST COAST 
accurately magnified proportions...the entire assembly operation is observed in Tone 
crisp, erect, three-dimensional detail. 2700 West ard Strack 
Bright, shadowless lighting is beamed deep inside the small unit apertures Los Angeles 57, Calif. 
with AO’s exclusive Vertical Illuminator attachment. The instrument’s remarkable DUnkirk 2-4889 
long working distance assures the operator of complete freedom of movementand Charles W. Hoefer 
affords ample room to accommodate larger objects and assembly tools. 1664 Emerson Street, 
With the instrument body inclined at a 30° angle, the operator can work in a Palo MInacont 
we DAvenport 4-266] 
natural, more comfortable position. 
When manufacturing small precision assemblies...many progressive com- CIRCULATION 


panies such as TI, depend upon the AO CYCLOPTIC to render the unit in visual 
“working size” dimensions. 


If you.have a particular production situation that 3-D magnification would 


Harold Weisner 
Circulation Director 


help, why not discuss it with a capable AO Sales Representative. He can recom- Clinton Ide 
mend the AO CYCLOPTIC Stereoscopic Microscope that will certainly solve Circulation Mgr. 
your individual problem. There is no obligation, of course. Rose Mercurio 
Ass‘t Circulation Mgr. 


Dept: D266 


0) Please have AO Sales Representative demon- 


—— SEMICONDUCTOR PRODUCTS is published monthly by 
Cowan Publishing Corp. Executive and Editorial Of- 
fices: 300 West 43rd Street, New York 36, N. Y. Tele- 


1 phone: JUdson 2-4460. Subscription price: $6.00 f 
strate the AO CYCLOPTIC Microscope. 12 issues in the United States, O. Ss. ee APO, 


O Please send AO CYCLOPTIC Brochure SB56. & FPO. Canada and Mexico, $8.00 for 12 issues. All 


| 
| 
l 
| other countries: 12 issues $ i 
: 10.00. Single Copy 75¢. 
Company SAME | Accepted as controlled circulation Bubieahion at 
| 
| 
| 


American Optical 


ADDRESS Bristol, Conn. Copyright 1960 by Cowan Publishing 


SPENCER Corp. 


CITY. ZONE____ STATE POSTMASTER: SEND FORM M 
STRUMENT DIVISION, BUFFALO 15, NEW YORK : 3579 to SEMI- 
IN N CONDUCTOR PRODUCTS, 300 West 43rd 


i ee oi STREET, 
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ss ba e 
G 0h t 4b 


If you are designing semiconductor devices checking available low resistivity 
that call for extremely low resistivity germanium, you should certainly check 
germanium, investigate this new material. Semimetals. 

Semimetals, Inc., is now on stream producing Check Semimetals for any other 
low resistivity single-crystal germanium in semiconductor or infrared needs, too: 
quantity. Extensively tested, the N-type mate- high purity germanium doped to your 
rial has been found to have excellent charac- specificationsisavailablein quantity. Qual- 
teristics, as witness: resistivities in the order ity crystals and realistic delivery sched- 
of 0.0008 ohm-cm; carrier concentrations of ules are a habit with this prime supplier. 


8 to 4x 1019, 

Production material has shown high uni- 
formity from crystal to crystal, giving readily METALS, INC. 
reproducible results. Quality has been repeat- 
edly confirmed by independent testing labora- 
tories and companies sampled. If you are 
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AXTEL 7-O200 


133-20 91st AVE. 
RICHMOND HILL 18, NEW YORK 
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For basic research, pilot plant studies ana 


production of semiconductors 


LINDBERG GASEOUS AND SOLID DIFFUSION FURNACES 


These Lindberg four-tube furnaces at Microwave Associates, Inc., provide maximum continuous operating tem- 
perature to 1371°C. (2500°F.). Chamber accommodates four 2” O.D. and has a uniformity of plus or minus 5.0°C. 


Microwave Associates, Inc., Burlington, Mass., conductor devices. This line provides a wide va- 
a leader in the development of specialized semi- riety of standard sizes and capacities to enable 
conductor products, must give careful consider- manufacturers in the semiconductor field to have 


ation to the choice of technical equipment to higher powered equipment adequately insulated 
assure maintaining their position in this highly and designed for its specific use. Models avail- 
competitive field. Consequently, the Microwave able in single and multiple zone types and a 
installation shown above was selected from variety of tube sizes up to 4” I.D. These Lindberg 
Lindberg’s complete line of gaseous and solid furnaces are versatile, perfectly adaptable for 
diffusion furnaces for quality transistor and semi- basic research, pilot plant study and production. 


LINDBERG SOLID DIFFUSION FUR- 


NACE: Preheat chamber 21” long with For full information call your local 
two zones of control—maximum tem- Lindberg Field Representative (see your 
perature 900°C. (1652°F.). High heat classified phone book) or write for Bul- 
chamber 16” long with two zones of letin No. 1081. 


control, maximum operating temper- 
ature 1300°C. (2372°F.). 


LINDBERG ENGINEERING COMPANY 
2489 West Hubbard Street, Chicago 12, Illinois 


Los Angeles Plant: 11937 S. Regentview Ave., at Downey, 
California «In Canada: Birlefco-Lindberg, Ltd., Toronto 


LINDBERG 


heat for industry 
Reig Rae 
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Up-to-the-minute news about transistors 


NEW DRIVER TRANSISTORS 
SWEEPING THE FIELD 


Extra-versatile Bendix 
units beat high costs, 
design limitations 
over wide front 


Called the “‘workhorse of the 
transistor industry,’ the new 
Bendix* Driver Transistor series 
is winning the nod from more and 
more engineers daily. These men 
find it the answer to audio fre- 
quency and switching applications 
requiring extra performance with- 
out extra cost. 

Here is a special device for use 
where reliability, versatility, and 
low cost are primary requirements. 
The Bendix units combine higher 
voltage rating and high current 
gain with more linear current 
gain characteristics for low distor- 
tion and more efficient switching. 

They’re now in high production 
for rapid delivery in JEDEC TO-9 
packages. 

NEW BENDIX SEMICONDUCTOR 
CATALOG on our complete line of 
power transistors, power rectifiers, 
and driver transistors available 
on request. Write SEMICONDUCTOR 
PRODUCTS, BENDIX AVIATION COR- 
PORATION, LONG BRANCH, N. J. For 
information about employment 
opportunities write personnel 
manager. #TRADEMARK 


APPLICATION, PERFORMANCE DATA INDICATE BROAD USAGE 


—— 


| MAXIMUM RATINGS 


TYPE 
NUMBERS 


qj 


T storage 
°C 


ENGINEERS KNOW the new Bendix Driver Transistor line-up meets an unusually 
wide range of circuitry applications. Bendix Applications Engineering Department 
suggestions on circuitry problems are helpful, too. 


SEMICONDUCTOR PRODUCTS 


Red Bank Division 


LONG BRANCH, N. J. 


“Condi” 


TYPICAL OPERATION 
| Vce(Sat) 


Ic = 100 mAdc 
Ib= 10 mAdc 


“hfe | fab 


Ic = 10 mAdc 


2N1008 
2N1008A 
2N1008B 
2N1176 
2N1176A 
2N1176B 


Ideal for such applications as: 


TRANSISTOR DRIVER e AUDIO AMPLIFIER (CLASS A OR B) 
POWER SUPPLY e SERVO CONTROL e AUDIO OSCILLATOR 


MOTOR CONTROL 


—65 to +85 
—65 to +85 


| —65 to +85 
| —65 to +85 
| —65 to +85 


RELAY DRIVER 


Ci 


| —65to +85 | 


AVIATION CORPORATION 


West Coast Sales Office: 
117 E. Providencia Avenue, Burbank, California 


Midwest Sales Office: 
2N565 York Road, Elmhurst, Illinois 


New England Sales Office: 
4 Lloyd Road, Tewksbury, Massachusetts 


Export Sales Office: Bendix International Division, 
205 E. 42nd Street, New York 17, New York 


e POWER SWITCH Canadian Affiliate: Computing Devices of Canada, Ltd., 


P.O. Box 508, Ottawa 4, Ontario, Canada 
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AT GRACE ELECTRONICS oe 
ea Silicon m T 


Whe fee thee a is sh Yo chanee means 


_ greater yields per pound from Grace Silicon. 


Impurity levels are kept | toa minimum shor ehonT 
the process, resulting in bulk and monocrystalline _ 


snl 


pcs um SESE 


ai 
Monocrystalline slices. Write to 
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For greater computer design flexibility 


high current 
| silicon switching diodes ina 
subminiature package 


100 mA Min. @ 1V Forward Current...0.3 usec TYPICAL SPECIFICATIONS: 

recovery...4 wuf at —2V...now HUGHES can offer we ‘Reverse Recovery 
. ae . be : n. Fwd. . i 

you these diode characteristics with no sacrifice in Min. Es Current @ 25°C Max. Reverse Current (uA) Resist. (R) ec. 

‘ , P f| ibilit f _Type (@100uA)  (@ +1.0V) @ 25°C @ 100°C (ohms) Time (usec) 
package size. Result: greater design flexibility for iNe37 100 160 01@ — BV b@— BV 400K oBF 
computer applications! With these characteristics, 1N838_ 150 1500.1 @ —125V_ 15 @ —125V_ 400 K 0.5" 

P . * ‘ 1N839 200 150 0.1 @ —175V 15 @ —175V 400 K 0.5* 
these diodes will cover practically every major com- NO Se a ee nee 
puter switching requirement. iNe41«150_ 150 0.1 @ —120V_15@ —120V. 400K 0.3" 

1N844— SS 100——“(i‘;‘~*~*‘«O 0.1 @ —80V_ 15 @ — 80V 400 K 0.5* 


An added feature: the ability of these diodes to 


handle high current with a fast recovery time makes Mea bababintlies 


; : : iN64ZA2Q00—“‘(i‘éSC«é 025 @ — 10V 5 @ — 10V 200 K 0.3t 

it possible to use them in many general purpose iN662A100~~~~S~«N OO 1.0 @—10V 20@—10V 100K Cotas 

applications, as well as computers. With their her- ES AR RII, Moma Bi Jeers) ee nS ie 
. Q® *Measured in JAN test circuit and switched from 30mA forward current to —35V. 

metically sealed glass envelopes, these HUGHES tMeasured in JAN test circuit and switched from 5mA forward current to —40V, 

diodes have been engineered for extreme reliability Typlbal GApAbIAnCaNC AU mio Pilaf LACASG Ald unt CCE oleh er 


under adverse environmental conditions. Operating temperature range: —65°C + 150°C Storage temp. range: —65°C + 200°C 


For additional information concerning these unique HUGHES diodes call or write the Hughes sales office or distributor nearest you. Or write’ Hughes, 
Semiconductor Division, Marketing Department, Newport Beach, California. For export write; Hughes International, Culver City, California. 


Creating a new world with ELECTRONICS 


| HUGHES | 


©1960 HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DIVISION 
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FAST) LOCAL Bz’ SERVICE 


, . a = 
meets your electronic chemical requirements 


with same day or overnight delivery! 


Yes, you can always count on prompt service when you order 
Baker & Adamson—American’s leading line of chemicals for the 
electronics industry. Here’s why: 


Nationwide Service! General Chemical has 24 stock points for its 
“B&A” electronic grade chemicals. Strategically located in major 
industrial centers, they can provide quick, dependable delivery of 
electronic chemicals anywhere in the nation. In most cases, your 
order will be en route to you the same day we receive it. 


Stocks built to meet your requirements! General Chemical offers 
America’s most complete line of “Electronic Grade” chemicals . . . 
quality products especially made to meet every requirement for 
chemical purity and uniformity. Chances are your local B&A 
supply point already has most or all of the electronic chemicals 
you are now using. In addition, we will be glad to build local stocks 
to meet your special month-to-month requirements... 


“One-stop shopping”’ saves you time! By filling all your electronic 
chemical needs at your local B&A supply point you save time— 
simplify ordering, record-keeping, inventory and bookkeeping. And 
you’re sure of the highest in chemical quality and purity! 


For further information, write or phone the nearest B&A supply 
point listed at right. 


llied 


BAKER & ADAMSON® 


**Electronic Grade”’ 
Chemicals 


hemical 


Albany, N. Y. 
Atlanta, Ga. 
Baltimore, Md. 
Baton Rouge, La. 
Birmingham, Ala. 
Boston, Mass. 
Bridgeport, Conn. 
Buffalo, N. Y. 
Charlotte, N.C. 
Chicago, Ill. 
Cleveland, Ohio 
Detroit, Mich. 


East St. Louis, Ill. 
Kennewick, Wash. 
Houston, Texas 
Los Angeles, Calif. 
Milwaukee, Wisc. 


*Montreal, Quebec 


Philadelphia, Pa. 
Pittsburgh, Pa. 
Richmond, Va. 
San Francisco, Calif. 


*Toronto, Ontario 
*Vancouver, B. C. 


*In Canada: Allied Chemical Canada, Ltd. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 


Circle No. 13 on Reader Service Card 


10 SEMICONDUCTOR PRODUCTS e APRIL 1960 


ANNOUNCES "™_ 


ULTRA HIGH-SPEED 


WITCHING TRANSISTOR 


WITH CADMIUM ELECTRODES 
- IN TO-9 PACKAGE 


33 Q6-100 6-100 33 


is New MADT* 2N1500 Provides 


Increased Power Dissipation 


Here is another Philco “break-through” in the design and manu- 
facture of high frequency, ultra high-speed switching transistors ! 
This new Micro Alloy Diffused-base Transistor (MADT*) uses 
cadmium electrodes in place of indium. The higher thermal con- 
ductivity of cadmium insures cooler-running junctions for any 
given power dissipation and provides an extra margin of safety 
as added assurance of reliable performance. 


Fr i mC 


The new 2N1500 offers the designer these important advantages: 


e 100° C maximum junction linearity with temperature 
temperature and current 
e low hold storage time 
(Typical: 7 mysec) 
COLLECTOR VOLTAGE Vcr IN VOLTS e high Beta and excellent Beta e low saturation voltage 
TYPICAL GAIN-BANDWIDTH PRODUCT, fr VS. COLLECTOR VOLTAGE 


e low collector capacitance 


In electrical characteristics, the 2N1500 is similar to 2N501, 
which has been thoroughly field-proven in many military and 
industrial computer applications. It is manufactured on Philco’s 
exclusive fully-automated production lines to the highest stand- 
ards of uniformity. For complete specifications and applications 
data, write Dept. $C-460. 


| Mi ax. Ratings 


POWER DISSIPATION IN MW 


Typical ene s 


Vcx(SAT) 


TEMPERATURE IM °C 
DERATING CURVE 


*MADT...PHILCO REGISTERED TRADEMARK AVAILABLE IN PRODUCTION QUANTITIES... and in quantities 
for Micro Alloy. Diffused-base Transistor. 1-99 from your Philco Industrial Se miconductor Distributor. 


PHILCO. 


LANSDALE DIVISION / LANSDALE, PENNSYLVANIA 
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SILICON NEWS from: ‘Dow Corning 


— 


silicon blank’ 


ished silicon optic 


Silicon Optics Enhance Reliability and 
Versatility of Infrared Detection Systems 


As new infrared guidance and surveillance systems take their “passive” 
positions in our defense, one major design challenge is to guarantee opti- 
mum performance of these vital devices. One way is to employ silicon 
optics . . . because, in addition to providing over 95% transmission, they 
offer a unique combination of properties that assure the highest degree 


of reliability and versatility. 


Reliability of product really begins with reliability of sources. Under 
Dow Corning’s stringent quality control program, each new silicon ingot 
is meticulously quality-checked for transmission rate . .. and a transmis- 
sion curve goes right along with every silicon blank delivered. 


Today, Dow Corning can make prompt shipment of optical silicon blanks 


up to 7 inches in diameter . . . in hollow domes, flat plates, prisms and 


other shapes to meet the most exacting specifications. Keeping pace with 
the new, fast-moving infrared industry, Dow Corning will apply latest 
techniques to larger sizes as the needs develop. 


Free Brochure Available — plus latest data on optical silicon for infra- 


red detection. Write today ... your name will be kept on a special mail- 


ing list to receive all new bulletins on this subject. Please address your 
inquiry to Dept. 9504. 


: Reliability 


PHOTO COURTESY ACF ELECTRONICS DIVISION 
ACF INDUSTRIES, INC. 


Avion engineer “reflects” on Dow Corning silicon 
dome during test of infrared transmission char- 
acteristics. Avion’s capability in infrared tech- 
nology dates back to early research and devel- 
opment on the famous “Sidewinder” missile. 
Present interests and projects include airborne 
detection and tracking devices. 


100 
90 
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PERCENT TRANSMITTANCE 


| 2 3 4 5 6 7 


WAVELENGTH IN MICRONS 


TRANSMISSION DATA COURTESY OPTICAL COATING 
LABORATORY, INC., SANTA ROSA, CALIFORNIA. 


The black line indicates the percent of transmit- 
tance for silicon is relatively constant from 1.3 
to 6.7 microns. Blue lines show how transmission 
is increased by coating. Single coating provides 
maximum transmission on a narrow band; sev- 
eral coatings, dotted blue line, give maximum 
transmission on a broad band. 


Properties of Dow Corning Optical Silicon 


Speciheseravit ye eee eee 2.329 at 25.€ 
MeltingSpoint]_ a2. 2 eee 1420 C 
Hardniess?ss8 0S. Gat el = ee 7 Moh 

; 1150 Knoop 
Thermal conductivity ~____ 0.39 cal (cm sec. C°) 
Thermal expansion ~__-__------_ 4.15 x 10-6/C° 
Specie heatees eens eee ee 0.168 at 25°C 
Dielectric constant _-_.._.__- 13 at 9.37 x 109 cps 
Elastic modulus (Youngs) ~_ ~~ ~~ 19 x 108 psi 
Flexural streng theese 2) see 20,000 psi 


HYPER-PURE SILICON DIVISION 
Dow Corning CORPORATION 


MIDLAND, MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS 
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NEW fron GQ 


For Semiconductor and Transistor Manufacture 


Pressure Cartridge Deionizer 
Delivers 18-22 megohm Water 
at Point of Use 


The Penfield PM-8 is a monobed deion- 
izer that ‘‘polishes’’ ultra-high purity 
make-up and rinse water at point of use. 
Unique design of top distributor and 
collector well permits flows up to 50 
GPH at less than 4 Ib. pressure drop — 
holds exchange efficiency at 100%. 
Built entirely of plastic to eliminate 
metallic contamination. Sump is clear, 
allowing visual inspection of exchange 
resins, Cartridge unscrews by hand for 
easy resin replacement. Unit also can 
be used as cation exchanger, anion ex- 
changer, water softener, activated car- 
bon filter, oxygen remover or organic 
scavenger. 


ainsi 


Write for fully descriptive PENFIELD 
PM-8 DEIONIZER catalog sheet. 


CHOOSE SHEET ESHEHSHEHSHSHEHEHEHSHSHHESHHEHHHH HEHEHE HSHEHEHREHHEHH SHOES HOES 


SPECS SHEET HSEHEHEHE SHEE EEHESHE SHEESH SHEET EHEHEHE HEHEHE HHHH EEE EH EEE 


Weir Washer ‘‘Polishes’”’ Cascading Water 
to 18-22 megohms with Instant Monitoring 


Integral filters and pressure-type 
monobed deionizers enable circula- 
tion of ultra-high purity water 
(18-22 megohms) through multiple- 
partitioned tanks. Parts are trans- 
ferred counter-current to flow 
pattern, with each cascade contain- 
ing purer water. Special weir 
design insures that no stagnation 
can occur. Direct-reading conductiv- 
ity meter, controlled by rotary 
switch, permits instant monitoring 
at three check points — influent, 
deionizer effluent, 
tank effluent. Novel 
clip bar makes re- 
placing heating ele- 
ments simple, 
obviates need to 
empty tanks. 


, 


Write for fully 
descriptive 
PENFIELD 
WEIR WASHER 
catalog sheet. 


PRA SHH HSHEHTEHEHETHES HEHEHE THESES SHEESH SHEET ESHEHEHEHHHE SHOE EE 
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Resin Separator and Regenerator Saves 
up to 90% of Costs of Deionized Water 


Developed for use in conjunction with multiple 
installations of Model T-20 and Model PM-8 
deionizers, a Penfield Regeneration Bench 
makes renewal of exhausted resin charges a 
simple in-plant function. Operator needs only 
feed resin into unit, form a slurry, then turn 
master control switch to each cycle — resin 
separation, regeneration, rinsing and proper 
re-mixing. Capacity is two cubic feet, cycling 
time about two hours. Average operating cost, 
including labor and all material, is less than 
30c per cartridge — up to 90% saving over 
outside service. 


Write for fully descriptive 
j PENFIELD REGENERATION 
BENCH catalog sheet. 


Revolutionary 
Eductor-Tube Device 


va Simplifies Handling of Miniscule Parts 


& 


New Penfield Pickup makes handling of minute particles a sim- 
pler, less costly operation. Exclusive design uses air or inert 
nitrogen forced through a special eductor tube at 1-2 psi. Nega- 
tive pressure is created at pick-up point (where standard hypo- 
dermic needles are attached) sufficient to hold germanium, 
silicon or other miniscule parts. To release the held particle, 
operator merely finger-stops an orifice in the pickup, thus creat- 
ing positive pressure. Use of Penfield Pickups eliminates all foot 
switches, solenoids and costly vacuum equipment — also does 
away with troublesome plugging problems. 


Write for fully descriptive PENFIELD PICKUP catalog sheet. 


MANUFACTURING CO., INC. 
19 HIGH SCHOOL AVENUE, MERIDEN, CONN. 


13 


MONSANTO S 


Now on-stream day and night—Monsanto’s 
new custom-engineered plant near St. Charles, 


Missouri—turning out semiconductor-grade. 


SILICON. 


Check into the form of Monsanto SILICON that 
best meets your needs: 


Float-zone-refined single-crystal SILICON ... 
(a) doped to desired resistivities of either ‘‘p”’ 
or “‘n’”’ type and having high lifetimes (b) un- 
doped high-resistivity (greater than 1,000 ohm 


cm.) “‘p” type with lifetime of more than 200 
microseconds. 


Polycrystalline SILICON ... (a) rods designed 
for float-zone refining and capable of making 
single-crystal silicon of high-resistivity ‘‘p” 


ON NOW IN ROUND-THE- 
CLOCK PRODUCTION FROM THIS NEW PLANT 


type, or of being doped to desired levels of “‘p’’ 
or “‘n’”’ type resistivities (b) billets with ultra- 
low base boron content for growing high-quality 
crystals. 


To be certain you keep up to date and have all 
the information you need about Monsanto’s 
semiconductor-grade SILICON, just write: 


Monsanto Chemical Company, Inorganic Chemi- 
cals Division, Vept. St-1A, St. Louis 06, Missouri. 


CON 
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THE FIRST —An ultra-fast computer diode: 
Four millimicrosecond maximum reverse recovery 
time of this new FD 100 overcomes the diode- 
caused speed limitations in computer circuits. Ca- 
pacitance is only 2uuzf at zero volts bias. 


TENTATIVE SPECIFICATIONS — FAIRCHILD FD 100 ‘ 
25°C Except As Noted 


Symbol Characteristic | Min. Max. Conditions 


Breakdown Voltage 40 volts @ Ip =100 pA 


lp Reverse Current . .100 vA @ VR =30v, 25°C 
Ve Forward Voltage Drop lv @ |p =10 mA 
THE REASON —A need and the technology C Capacitance 2uuf @VR=Ov 
to serve it: Fairchild’s diffused silicon transistors a Mats itch mis @ Wel oi wn 
have achieved heretofore unattainable performance. iMaxifnum Power $06 aie 
Application of these transistors has in turn created Dissipation 


Temp. Range Operating —65°C to 175°C 


the need for silicon diodes of similarly outstanding 
Storage —65°C to 200°C 


performance. 


THE FOLLOW UP —A broad line of high re- 
liability diodes: This Fairchild FD 100 diode is 


being followed by others providing industry-leading IRGHILD 
standards in reliability and uniformity — backed by 
a continuing accumulation of statistical data on a 
large scale. 


For full specifications, write Dept. 


SEMICONDUCTOR CORPORATION 
it 


4300 REDWOOD HIGHWAY + SAN RAFAEL, CALIFORNIA * GLENWOOD 6-1130 + TWX SRF 26. 
New York Area: Ploneer 1-4770 « Syracuse: GRanite 2-3391 * Philadelphia Area: TUrner 6-6623 | 


Washington, D.C.: NAtional 8-7770 * Chicago: BRowning 9-5680 * Los Angeles: Oleander 5-6058 


Circle No. 18 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e APRIL 1960 


15 


HI-PURITY...HARD-DENSE 
CARBON and GRAPHITE for 


i. 
2. 
3. 
4. 


@ PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of small, 
extremely accurate emitter and collector 
washers, header weights, etc., in ** Grade 
P-1. 

"The most widely 
used electro-graphite 


in the semi-conduce 
tor industry 


** Molded -to-size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 


EMITTER and COLLECTOR WASHERS 


Sectional view of Yj) 
typical configuration 
pa. GCF 


Write for complete information and quotations 


PURE CARBON COMPANY, INC, 


449 HALL AVE. ST. MARYS, PENNSYLVANIA 
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Book 


TITLE: Electrical Measurements 
AUTHOR: Smith Wiedenbeck 
PUBLISHER: McGraw-Hill 1959 


Electrical Measurements is a basic man- 
ual on the measurement of fundamental 
electrical quantities. The book can be con- 
sidered more of a laboratory approach to 
problems rather than a description of 


‘modern techniques. 


The first chapter discusses and evaluates 
errors. Various topics are covered in the 
analysis, such as precision index, probable 
error, propagation of errors and weight- 
ing of data. 


The book continues with chapter two, as 
a review of elementary electrostatics 
serving as an introduction to the third 
chapter entitled: “Ammeter and Volt- 
meter Methods.” Here the basic operation 
of the ammeter is derived from the elec- 
tromagnetic field concepts. A description 
of shunting leads to the voltmeter and 
methods of resistance measurement. Spe- 
cial problems, such as the measurement of 
a resistance containing an EMF, are con- 
sidered as well as the use of the potential 
divider. 


The next chapters describe the various 
types of instruments in detail. The current 
galvanometer, ballistic galvanometer, 
Wheatstone bridge and potentiometer are 
all very well treated, starting in all cases 
with material and derivations previously 
developed for the indicating instruments. 


The balance of the book considers a-c 
circuits, the measurement of transient 
currents, inductance, capacitance and 
mutual inductance. Chapter XVIII en- 
titled “electronics” concludes the book 
abruptly since measurement techniques 
for this field can hardly be described in a 
mere 36 pages. 


Electrical Measurements is a good in- 
troductory book on the measurement of 
basic electrical quantities and appropriate 
instrumentation: The book is dated some- 
what in the complete lack of consideration 
of certain topics, such as frequency and 
time, as well as electronic techniques, al- 
though an attempt is made in the last 
chapter to cover the field. The value of 
the book lies in the thorough and accurate 
presentation of the material covered which 
should continue to recommend it as a 
good basic laboratory measurements 
manual. 
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Reviews 


TITLE: Basic Electronics 
AUTHORS: J. Daly, R. A. Greenfield 


PUBLISHER: The Macmillian Company, 
New York 


Basic Electronics is a book written to 
provide specialists in other scientific fields 
with a working understanding of the elec- 
tronic science. This book is one in the 
series “Physical Processes in the Chemical 
Industry” and attempts to enlighten the 
chemical engineer with regard to elec- 
tronic practice. 


The general material is divided into 
twelve chapters, the first entitled “Direct 
Current”. This title is somewhat of a 
misnomer since a considerable amount of 
material is presented that would ordi- 
narily be found under other titles. An 
example is mutual inductance which is \T RANSISTOR TESTER 


discussed here although chapter II is 


devoted to magnetism. Self inductance, | MODEL 870 

transient currents and charging circuits 

are several topics discussed, in addition ; : 

tee raakiial Ge iretintors and Tests transistors as recommended by manufacturers at specified 

pemiuctors. Ic, Vce and Ib ¢ checks Collector Saturation Voltage (Vce-SAT) 
A more logical presentation is made in - | e provides low voltage, high current tests—excellent for switch- 

chapter III entitled “Alternating Cur- : ° A : Beye 

Senis’. Vector (phasor) notation is in- ing transistors ¢ controls provide maximum set-up flexibility 

troduced and the definitions of alternating ; 5 i - 

Rrerint thodey wie welll orescnted. Resist- combined with speed-engineered layout for volume testing of 

ance, capacitance and inductance are : : ae 

ait RNa eer reertt  nivenstt As: de transistors ¢ Complete with roll chart giving test data for over 

veloped. Coupled circuits and transformer 5 

action are also discussed. 1,150 transistors. 


The next chapters cover a very wide 
range of topics. The vacuum tube and 
other thermionic devices such as the cath- 
ode-ray tube, the “Dekatron” and the 
Thyraton are covered in moderate detail. 
Circuit configurations are discussed in 
each of the following two chapters which 
are entitled “Amplifiers” and “Oscilla- 
tors”. A chapter on Semiconductors | 


The new Hickok Model 870 portable tran- 
sistor tester—fwo transistor testers in one— 
measures large signal DC Beta on power 
transistors as well as small signal AC Beta 
on low and medium power transistors. It 

: features variable collector current and col- 
oo aves mia 4 hie a ge | lector voltage. (Beta tests are meaningless 
provide a basic understanding of the field. HICKOK MODEL Ufless tests are made at specified current 
850 TRANSISTOR and voltage values.) Collector test current is 


Basic Electronics is a book that is cer- A ae 
tainly all the name implies. It is useful | ANALYZER variable up to 2 amperes, permitting Beta 
for those who want an overall picture of Testsunderactual circuit measurement on i 

re ' F ower tr 
the field and to this end the book satisfies | as hantahs and is ideal P transistors rated at 
the requirement. Workers in other engi- | for use-asa” breadboard” 5 amperes or more. 
neering fields would undoubtedly find the in transistor research 
material useful although the electronic | and experimentation. 
technician or engineer might question the Write for complete details and 
een Fs material. apa carp specifications on Hickok Transistor 
Be ee eee ee ONO nea Bhs Testers. Ask for Form TT-604. 


most total absence of mathematics makes 
the book highly readable for beginners. 


7970 -7960...FIFTY YEARS...ONLY THE FINEST 


THE HICKOK ELECTRICAL INSTRUMENT CO. 


10526 Dupont Avenue « Cleveland 8, Ohio 
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By Stephen E. Lipsky 


the careers of 


with 


assured at I/I in '60 


DEVICE DEVELOPMENT ENGINEER. 
Mission: Probing the unknown to 
evolve a variety of new advanced 
semiconductor-component devices. 


CIRCUIT DEVELOPMENT ENGINEER. 
Mission: Discovering through expe- 
rience and educated imagination, new 
uses for transistors and specialized 
semiconductor devices by exploring 
new frontiers in thought. 


Device and Circuit Development Engineers 
we seek, want liberal freedom of thought and 
action and advanced physical facilities to per- 
mit maximum creative productivity. They de- 
sire broad and rapid expansion of their profes- 
sional horizons with solid financial security and 
recognition matching personal achievements. 


Our Device Development Engineer would be 
equally intrigued with studies in solid-state 
diffusion and nuclear radiation experimenta- 
tion on semiconductor materials and devices. 
Our Circuit Development Engineer would be 
productively stimulated by participation in 
transistorization projects ranging from AM, 
FM and TV receivers to computer system logic. 


You qualify as our Device Development Engi- 
neer if you hold a degree in Electrical Engi- 
neering, Chemistry or Physics and experience 
in semiconductor or related development areas. 
An Electrical Engineering degree and knowl- 
edge of transistor circuitry are required for 
Circuit Development Engineers. 


START NOW TO SUCCEED 


INTERVIEWS will soon be held in your 
area. If you qualify for either of these 
positions, please send a resume imme- 


diately to C. A. Brs1o, DEPT.107. 


Whether or not you apply now, send 
for TIPS booklet today and get better 


acquainted with TI’s S-C division. 


TEXAS <, INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 e DALLAS. TEXAS 


18 


+ 7 these S/C engineers are 


IN’60 AT TEXAS 


TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P. O. Box 312, Dept.107, Dallas, Texas 


Please send me TIPS containing complete 
information about currently available TI 
S-C professional careers in my field plus facts 
on advanced S-C facilities, personnel policies 
and unique advantages of living in Dallas. 


NAME 


lama Engineer 
ADDRESS 


CITY. STATE__ 


INSTRUMENTS 
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Now Sylvania grows germanium and silicon 
doped single crystals for you! 


Now device makers can concentrate completely on device 
making! Sylvania grows germanium and silicon single crystals 
to your most exacting specifications. You not only get a guar- 
anteed quality material ready to use; you’re freed of many 
manpower, space and time problems. You’re freed of the cost 
and trouble of buying and maintaining special equipment, 
training manpower, and handling scrap. And you can take full 
advantage of the engineering excellence of the Sylvania staff! 


Germanium single crystals are prepared by either the Czoch- 


SYLVANTA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 


ralski or horizontal techniques. Silicon single crystals are pro- 
duced by both the float zoning and Czochralski methods. 


Single crystal slices of either material are also available. 
Resistivity, conductivity type, orientation, lifetime, dislocation 
density, and size are controlled to meet your requirements. 


Sylvania know-how makes these crystals available to you at 
prices that are predictable and attractive. For details, write to 
the Chemical & Metallurgical Division, Sylvania Electric 
Products Inc., Towanda, Pennsylvania. 


Ca2 


SYSTEM 
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Statistical 
Quality Control 
assures specified size, 
color, density, uniformity 


Shown above are representative 
glass sealing preforms, pro- 
duced by Glass Beads Corpora- 
tion. Beads of required geome- 
try and controlled density are 
made in a wide variety of sizes, 
colors and styles for both match- 
ing-coefficient and compression- 
type seals. Specially designed, 
modern facilities and_ skilled 
personnel assure prompt serv- 
ice, highest quality and depend- 
able uniformity. Send drawings 
for quotation. 


GLASS BEADS 
CORPORATION 


-P. O. Box A- 266 Latrobe, Pennsylvania 
Phone: Latrobe, Keystone 9-1592 
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Personnel 
Notes 


Herbert Fishman has been appointed 
consulting engineer to the transistor ad- 
vance and design engineering subsection 
in General Electric’s Semiconductor Prod- 
ucts Department, Liverpool, N. Y. Im- 
mediately prior to his promotion, Mr. 
Fishman was a design engineer in the 
Department’s advance process engineer- 
ing unit. He is a member of Pi Mu Epsi- 
lon, mathematics honorary society, the 
American Physical Society, and a senior 
member of the IRE. 


The directors of Alpha Metals, Inc., 
Jersey City, have announced the election 
of Harold A. Cohn as vice president in 
charge of their Alpha-Loy Division, Chi- 
cago. Joining the firm in 1953, Mr. Cohn 


assisted in setting up the mid-west plant ' 


he now heads. He has had wide experi- 
ence in the field of metals marketing. 
Fredrick C. Disque, Jr. was named Di- 
rector of Research. He was formerly 
Chairman of the Department of Chemis- 
try, Pratt Institute. Before joining Alpha 
Metals in 1953, he acted as one of their 
technical consultants, specializing in re- 
search and development of solders, fluxes 
and high-purity metals for the semicon- 
ductor industry. 


Donald E. Yost has been named works 
manager for Fairchild Semiconductor 
Corporation’s diode facility in San Ra- 
fael, California. In this position he will be 
responsible for all manufacturing opera- 
tions there. Mr. Yost was formerly man- 
ager of central manufacturing engineering 
at Lockheed Missile and Space Division, 
Sunnyvale, Calif. He received his BS. 
degree in 1951 from the University of 
Buffalo, where he became an instructor 
in electronics. 


Appointment of William E. McQueeney 
as a product specialist in the Field Engi- 
neering Dept. of the Sprague Electric Co. 
has been announced by Carroll G. Killen, 
manager of the department. Mr. Mc- 
Queeney’s responsibilities will be in the 
field of electrolytic capacitors, Mr. Killen 
said. Prior to joining Sprague, Mr. Mc- 
Queeney was associated with the U. S. 
Shoe Machinery Co. and, most recently, 
with the Westinghouse Electric Corp. in 
Pittsburgh, Pa. He is a graduate of Bos- 
ton University with a Bachelor of Sci- 
ence degree in physics. 


Seymour Weiner has been advanced 
from Product Planning Manager to Prod- 
uct Engineering Department Head at the 
Sperry Semiconductor Division, Edmund 
G. Shower, Division Production Engineer- 
ing Manager, announced recently. In his 
new capacity Mr. Weiner will be respon- 
sible for engineering all products from 
the pilot shop phases into production. 


A. P. Fontaine, executive vice president 
of Bendix Aviation Corporation, has an- 
nounced the appointments of Charles M. 
Edwards as his assistant and Dr. G. A. 
Rosselot as assistant general manager and 
associate director of the Research Labora- 
tories division of the company. 


(Continued on page 82) 
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DO 


IT 
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NOW Avg7, Bit 


FROM THE PIONEERS OF THE INDUSTRY 
ADVANCED DESIGN 
¥ ¥ 
(Moe, sbSbDitw 


PRECISION WAFERING 
MACHINE 


WITH THE 


INCREASES PRODUCTION EFFICIENCY IN PRECISION CUTTING 
OF GERMANIUM, SILICON AND OTHER DIFFICULT TO WORK MATERIALS 


® Provides smooth, continuous and pos- ® Gives faster return speed 


itive longitudinal table feed 6: Biminciss nie uinSor 


e Insures better control over low speeds @ Virtually frictionless 


Also available for installation on your present equipment. 


CALL OR WRITE TODAY FOR FULL INFORMATION 


@® Anderson Corp., Gary, Indiana 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 Commerce Avenue Union, New Jersey MUrdock 8-6323 
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TRANSISTOR 


testing 
matching 
selec ting 


The Tektronix Type 575 Transistor- 


Curve Tracer is a valuable production tool TYPE575. TEST SET-UP ae ae 


as well as an engineering instrument. The 
most intricate test procedures devised by 


TYPE 575 TRANSISTOR-CURVE TRACER 


SERIAL 


HORIZONTA 


VOLTS/DIV 


VERTICAL 
CURRENT of VOLTAGE 
PER DIVISION 
700 5° 29 COLLECTOR 
10 MA 


en 
COLLECTOR 02 -0! 's 
VOLTS (05 


engineers become high-speed operations by 
production personnel...through the use of 
a simple setup chart. 


LSU RRCHMIB OAS RHA OOHR 


Here’s how it works: 


1. The engineer devises the test procedure 
required to attain the desired end result. 


POSITION POSITION 


BASE CURRENT or 
BASE SOURCE VOLTS 
SKEET SUNBITIVITY/OF wit 


(Gree SHACTOR] seentcH 


BASE CURRENT oF 
SE Si vous 


AMPLIFIER 
CALIBRATION 
THR CHAE 


AMPLIFIER 
CALIBRATION 


2. The engineer designates the control set- 
tings for the Type 575 on the chart, and 
draws a picture of the display, outlining 
the limits for acceptance or rejection. If 
desired, separate graticules for each test 
setup can be marked with colored lines 
or tapes. 


10 BIVIBIONS 


BASE STEP GENERATOR 


STEPS /FAMILY powariry STEPS /SEC 


: hg # 
es A ee 


120 


REPETITIVE 


FOCUS INTENSITY ASTIGMATISM SCALE ILLUM, 


SINGLE 
FAMILY 


= 
COLLECTOR SWEEP 
PEAK VOLTS 


3. The production-test facility takes over at 
this point and performs the test opera- 


STEP SELECTOR 


SERIES RESISTOR 


: e209 ANSE oxao Una core or eae 
tion with speed and accuracy. ae ae EA ei NN Es = o 
a ins : 

Operational curves displayed on the Type 575 Peak. vous UIMiTING RESISTOR ae a A: 
provide information desirable even in relatively Git sce es "56, alot? nester 2 
simple tests. A convenient switch makes it easy 6 ye! “ Ri i. | 
to check test setups against a standard, and to ‘ "6 - Mormon GnGTE ster 210 
make direct comparisons. You'll be ahead using 2 " ee anak 


the Type 575 in any test procedure where a 
meter reading is not entirely adequate. 


| 2€R0 vo 
{orounsto) 4) 
TRANSISTOR 8 


2 a Ramer) ie 


Your Tektronix Field Engineer has a supply 
of the test set-up charts, and will be happy 
to help you with any phase of this operation. 
If you are not already acquainted with the 


POWER 
ON 


ye \onenenaansdcdossnentareereveevecverevvocconcedrndtedsenesserecrineccetettenenensseapsicet tel iteereetcetnstentetecboteceecitoetoannnnteyuinieneetoccocooetersinyystentutenbonasctrtonnnnhy eninaininetrinuneraseneantaarcnivcenobiinpareanenitiiaarineel Aten 


en es 


i 
performance characteristics of the Type 575, | 
ask your Field Engineer for a demonstration. ' 
Type 575 Transistor-Curve Tracer...... $975 a 


f.o.b. Fact 
acme COMPONENT: 2/700 /5/-027 


TESTING: BETA SEGREGATION 
PROCEDURE: VSE SPEC/AL SOCKET WITH BYPASSED BASE LEAD 


Tektronix, Inc. 


P.O. Box 831 + Portland 7, Oregon 
Phone Mitchell 4-0161 * TWX—BEAV 311 © Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. * Atlanta, Ga. * Baltimore (Towson, Md.) Boston(Lexington, Mass.) * Buffalo, N.Y. * Chicago (Park Ridge, Ill.) * Cleveland, Ohio * Dallas, Texas * Dayton 
Ohio * Denver, Colo. * Detroit (Lathrup Village, Mich.) * Endicott (Endwell, N.Y.) * Greensboro, N.C. *Houston, Texas * Kansas City (Mission, Kan.) * East Los Angeles, Calif. * West Los Angeles, Calif. Rae 


neapolis, Minn. * New York City Area (Albertson, L.1., N.Y. * Stamford, Conn. * Union, N.J.) * Orlando, Fl .*'Philadelphia, Pa. © Phoeni he . rane : : 
Petersburg, Fla. * Syracuse, N.Y. * Toronto (Willowdale, Ont.) Canada * Washington, Bie (Amnandaie val Pe a ot peri, See ted te An Ze Ses eae pode Froncisce ReteiBo, Caw ir 3 


TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics; Portland, Oregon * Seattle, Washington. Tektronix is represented in twenty overseas countries by qualified engineering organizations, 
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NEW LOOK 10 
CUSTOM WELDS 


It’s the Sylvania look. The 
look of precision. The look 
of uniformity. Of welds mass- 
produced to close tolerances 
and at low costs. 


Sylvania welding facilities and 
experience pay more than the 
normal dividends for semicon- 
ductor manufacturers. Weld- 
ing specialists work with you 
to determine the materials and 
design best suited to your 
needs. They then apply hand- 
weld, semiautomatic or fully 
automatic production tech- 
niques to meet your delivery 
requirements. And at Sylvania 
unique quality control is ap- 
plied throughout. 


Results: high-volume weld 
availability, high strength — 
priced to suit your budget. 
For all kinds of semiconductor 
device components —welds, 
cans, headers, connectors, and 
alloy cuts and leads—you'll 
find you can brighten your 
quality and profit picture with 
Sylvania. Parts Division, 
Sylvania Electric Products 
Inc., Warren, Pennsylvania. 


subsidiary of GENERAL TELEPHONE & ELECTRONICS \sex) 
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MONOCRYSTALLI 


GRACE ELECTRON C CHE MIC KL> 


Grace Electronic Chemicals uses 
unique merchandising approach 
to introduce new products! 


*‘Merchandising the Grace Electronics advertising 
campaign in SEMICONDUCTOR PRODUCTS 
by sending individual gift subscriptions to key cus- 
tomers and prospects has proved a valuable aid!” 
says Mr. Robert Herrmann, Vice President and 
Sales Manager of Grace Electronic Chemicals in 
Baltimore, Maryland. 

Introducing Grace ultra high purity Silicon to an 
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entire industry calls for a touch of ingenuity. 
Grace Electronics knew that SEMICONDUCTOR 
PRODUCTS reached the companies interested in 
their products, but to pinpoint key buyers they sent 
each one of them a gift subscription to the magazine. 
Response to this unusual merchandising promotion 
not only brought thanks, but also produced inquiries 
and sales for Grace Electronics. 


The semiconductor industry is a dynamic field that requires raw 
materials and equipment from more than 60 other industries. The 
chemical, ultrasonic, welding, metallurgical, paper, wire, abrasive, 
and machinery industries are just a few of the areas that have found 
new markets in semiconductor production sales. Your product or 
service may have a place in this one-half billion dollar picture. Why 
not investigate the possibilities today? 


SEMICONDUCTOR PRODUCTS 


300 West 48rd Street, New York 36, New York 
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Prices 


Texas Instruments has announced prices 
on their five new p-n-p-n diffused silicon 
rectifiers. 


1-99 100-999 

TI-110 $20.00 ea. $12.50 ea. 
TI-111 24.00 ea. 15.00 ea. 
TI-112 36.00 ea. 22.50 ea. 
113 55.00 ea. 42.50 ea, 
114 65.00 ea. 58.50 ea. 


Sylvania Electric Products Inc., Semi- 
conductor Division has placed into pro- 
duction two series of variable capacitance 
diodes. Each series consists of nine Si 
mesa diffused junction diodes. Series 
D4075 to D4075H is priced at $25.00 each 
to $420.00 each in small quantities. Series 
D4110 to D4110H is priced from $20.00 each 
to $280.00 each in small quantities. 


Standard Telephones and Cables, Ltd., 
London, is marketing tunnel diodes in 
sample quantities up to 50 units per order 
at $5.60 each. 


Industro Transistor Corp., L. I. C., N.Y., 
has available two diffused Si mesa trans- 
istors types 2N696 and 2N697. These are 
priced at $22.70 each in quantities 1-99 
and at $15.15 each in quantities 100-999. 


Phileo Corp. has reduced prices on its 
silicon and germanium transistors up to 
52%. The largest single reduction was the 

germanium type 2N502A which dropped 
from $13.80 to $6.60 in quantities of 1 to 99. 
The largest number of price drops was 
in the silicon line, with reductions rang- 
ing from 25% for the SADT 2N1267 
to 40% for the 2N1199. The 2N1199 is now 
priced at $15.75 each in lots of 1-99; $11.55 

each from 100-999, and $10.50 each from 
: 1000 up. 


The Semiconductor Division of Hoff- 
man Electronics Corp. has announced 
prices on their new silicon solar cells 
having a conversion rate of 10%. These 
are selling at $8.25 each in quantities from 
100-999. The company also has reduced 
prices on their 9% conversion silicon cells 
from $4.90 to $4.65 each in production 
quantities. 


Sylvania Electric Products Inc., has re- 
duced prices on its line of Micro-Min 
glass-encapsulated microwave diodes 
from 10 to 30 percent. The IN833 has been 
reduced from $4 to $3 each on quantities 
of 100 and over. 


Canadian General Electric, Ltd., is 
offering a 1000 mc tunnel diode at $69 in 
limited quantities. 


Semiconductor Division of Semi-Ele- 
ments Inc., Saxonburg, Pa., has begun 
production on five different types of UHF 
germanium mixer diodes. 


Type Price 
DCui $1.75 
DC 7A 2.50 
DC 7B 2.75 
DCC 2.95 
DC 7D 5.95 


The Bureau of Mines reports that al- 
though production and consumption of 
high-purity silicon had increased last 
year over 1958, the demand may drop in 
the future due to new devices and down- 
grading of material requirements. Factors 
affecting this are due to increased activity 
in: molecular engineering; manufacture of 
tunnel diodes, and making better use of 
grades 2 and 3 silicon through improved 
doping procedures. 

Estimated production last year was 80,- 
000 Ibs. of the top three grades and 20,000 
lbs. of solar-grade type. In 1958 the out- 
put was 55,000 lbs. for the three top 
grades and about 20,000 lbs. for solar- 
grade. 

Consumption of the high-purity silicon 
was about 70,000 lbs., valued at about $18 
million including an estimated $1 million 
for the solar battery grade. Approxi- 
mately 6 million transistors and 60 mil- 
lion diodes and rectifiers were manu- 
factured in 1959. 


Prices reported were: 


Price Range (per lb.) 


Grade Granular Rod 
1 $320-330 $330-355 
2 220 220-245 
3 130 155 

Solar 90 - 


Fairchild Semiconductor Corp. has 
made a 25% reduction on its line of single- 
supplier silicon transistors. Prices on 
their 2N696 and 2N697 are now $22.70 each 
in quantities less than 100. Their p-n-p 
general purpose transistor 2N1131 and 
their low storage n-p-n types 2N1252 and 
2N1253 are now $28.80 each in small quan- 
tity lots. The high voltage n-p-n type 
2N699 is now also available for $24.95 each. 


The General Electric Company has 
started factory production of germanium 
tunnel diodes and, as a result, reduced 
prices on the devices by eighty-three per- 
cent. The new prices are $10.00 and $12.50 
each, effective immediately. Previously 
the G. E. tunnel diodes were $60.00 and 
$75.00 each. 


Financial 


International Business Machine Corp. 
has increased their quarterly dividend 
on common stock to 75¢ from the 60¢ 
paid previously. This will be paid to 
stock of record as of February 10. 


Sperry Rand Corp., has reported sales 
of $853,144,550 and a profit of $29,269,110 for 
the nine month period ending Dec. 31, 
1959 as against sales of $697,472,448 and a 
profit of $18,636,016 for the same period in 
1958. 


Raytheon Co. has reported earnings 
for the year ending Dec. 31, 1959 of $13,- 
481,000 on sales of $494,278,000. In 1958 
earnings were $9,403,000 on sales of $375,- 
156,000. Earnings per share in 1959 were 
$3.89 as compared with $3.08 in 1958. 


Transistron Electronic Corp. common 
stock has moved from over-the-counter 


SEMICONDUCTOR PRODUCTS e APRIL 1960 


Market News... 


basis to a listing on the New York Stock 
Exchange. 


Industro Transistor Corp. has reported 


-a profit of $188,131 for the six months 


period ending Dec. 31, 1959. 


Tung-Sol Electric Inc. has announced 
that the net sales for 1959 was $72,345,248 
a gain of 21% over 1958 sales of $59,809,- 
166. Earnings totaled $2,712,552 equal to 
$2.70 per share as compared with $2,643,- 
842 or $2.67 per share in 1958. 


Phileco Corporation has’ reported its 
1959 earnings, subject to audit, of $1.67 
per share, compared with 61¢ for 1958. 
Sales increased 13% to $397,849,000 and net 
earnings after taxes were $7,162,000, com- 
pared with $2,874,000 in the recession year 
of 1958. 


General Instrument Corporation re- 
corded net profits of $1,378,233, for the 
fiscal nine months ending November 30, 
1959, which is higher than the entire fiscal 
year ending last February 28 (when 
profits totalled $1,317,828). This set an 
all-time sales record of $41,277,875 for the 
period; and entered the fourth quarter 
with a backlog of $33,238,000, highest in 
the electronics company’s 37-year his- 
tory. Net profits were $1,378,233, up 43 per 
cent from the 1958 nine-month figure of 
$960,717. Per share earnings equalled 90 
cents on 1,529,473 shares outstanding, 
compared with 70 cents on the lesser 
number of 1,373,273 shares in the 1958 
nine months. Semi-conductor sales for 
the nine months were more than double 
those in the same period last year and 
semi-conductor backlog, as of November 
30, was more than triple the year-earlier 
figure. 


Glass-Tite Industries, Inc. has an- 
nounced an increase of 190% in earnings 
during 1959 over 1958 figures. Net sales in 
1959 totaled $1,899,445.60 as compared with 
$667,416.07 in 1958. Earnings after taxes 
were $139,015, the equivalent of 20 cents 
per share on the 712,000 shares out- 
standing. In the 1958 calendar year, net 
income after taxes was $47,934 or the 
equivalent of 11 cents a share on 437,500 
shares outstanding. 


Minnesota Mining & Manufacturing Co. 
reported today that 1959 consolidated sales 
were approximately $445,000,000 which 
represents an increase of about $69,000,000 
or 18 per cent, over comparable 1958 con- 
solidated sales of $376,293,016. For the first 
nine months of 1959, 3M reported con- 
solidated sales of $323,079,201, with earn- 
ings of $42,583,641, or $2.50 per share. For 
the same period of 1958, consolidated 
sales were $271,366,401, with earnings of 
$29,568,080, or $1.75 per share. 


Sales of the Avnet Electronics Corpora- 
tion, for the six months ending December 
31, 1959 totalled $4,535,000, a 57% increase 
over sales for the comparable period the 
previous year, when sales totalled $2,886,- 
000. Net income for the six months ending 


(Continued on page 72) 
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Editorial... 


Noise Figure of Parametric Amplifiers 


Since the introduction of parametric ampli- 
fiers, questions have been raised about the 
actual limit value of noise figure attainable with 
configurations unilateralized by means of ap- 
propriate circulators. Generally these amplifiers 
are operated on a single-sideband reception 
mode, i.e. if fs, fo and f-s are respectively the 
signal, pump and idler frequencies, the signal is 
introduced and amplified at the frequency fs 
only. Since the noise, on the other hand, is 
originated at the fs and the fo-s frequencies and 
is amplified and converted to the fs band, an in- 
herent limitation results on the maximum per- 
missible value of signal-to-noise ratio. In order 
to improve the latter a different mode of opera- 
tion may be devised in which the signal is en- 
tered and amplified at both sidebands. This may 
be done if the input signal is made to have 
proper: symmetry about half the pump fre- 
quency and if the circuit impedances are made 
high at both fs and fp-s frequencies. Such a sug- 
gestion has been advanced recently (M. Ueno- 
hara—‘“Noise Consideration of Variable Capaci- 
tance Parametric Amplifier,” Proc. IRE Feb. 
1960) and supported with theoretical and ex- 
perimental arguments. One example of applica- 
tion of such a mode of operation occurs when 
the amplifier is used to receive “broadband 
noise” such as in the case of radio astronomical 
observations. Improvements by a factor of about 
two for the resultant signal-to-noise ratio are 
predicted. Quantitative relations may be ob- 
tained using the incremental model of Rowe to 
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express the relations between voltage and cur- 
rent components at fs and f»-s at the variable 
capacitance. The latter is assumed to vary sinu- 
soidally with an average “static” value Co and is 
assumed to have very small series resistance Rs. 
It is found that in the proper conditions of op- 
eration the variable capacitance diode presents 
an admittance whose susceptance is cancelled by 
the susceptance of the signal circuit and whose 
conductance is negative. The magnitude of the 
latter conductance depends on the pump power 
and increases with the value of the quantity 
1/0:C.Rs, which represents a quality factor for 
the diode. In fact it is found that no negative 
conductance may be obtained when the latter — 
factor is less than two. In practice the value of 
1/0:CoRs may be modified somewhat by adjust- 
ing the bias, since the static capacitance Co va- 
ries with the latter; however, optimum results 
are obtained in general with almost zero bias; 
at the upper limit of the frequency band a 
slightly negative bias is used. 

Comparing operations in the single sideband 
mode with that in the double-sideband mode it 
is found that the corresponding noise figures are — 
roughly in the ratio (1+fs/fo-s) : 1; this means 
that the difference between the figures is less 
than 3 db if fs is smaller than fp-s and is more 
than 3 db in the alternative case. The magnitude 
of the noise figure becomes minimum at an ap- 
propriate value of the pump. power, which de- 
pends upon the quality factor and decreases as 
the latter increases. 


Samuel L. Marshall 
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1. HIGH SPEED GLASS TUBING CUTTER 
2 AUTOMATIC DIODE BEAD MACHINE 

3 AUTOMATIC CRYSTAL GROWER 

4 TRANSISTOR STEM (HEADER) MACHINE 
5 AUTOMATIC CAT WHISKER WELDER 


ENGINEERING COMPANY 


3322 Hudson Avenue 
Union City, New Jersey 


Designers and Manufacturers of Automatic Machines 
Cirele No. 27 on Reader Service Card 
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Success begins by buying very wisely any material or part 
that has anything to do with the quality or performance of 
H t your end product. In this business, especially, wise buying 
OW O can be a major contribution to a company’s acceptance and 
sales success. When it’s a matter of buying semiconductor 

te processing boats and other graphite parts, your wisest source 


“B 
uy selection is United. Here are some important “buy-products” 
that make it so. 


Uucce SS 1. You get highest purity graphite — guaranteed by United’s 

famous “F” process. This ultra high purity minimizes oxi- 

. h dation and wear; reduces contamination possibilities ; assures 

in T e longer service life and lower replacement costs; protects the 
quality and reliability of your products. 


© 
Semt- 2. You get matchless machining—United’s mastery of the 
most advanced machining methods—and experience with the 
finest new tools available—results in new heights of high- 


conductor precision and close-tolerance machining for your parts. 


e 3. You get the best R & D—on design of parts, on purity of 
Business graphite, on techniques of machining. Continued research 
and development in all these areas adds up to a United effort 

to help make your products successful in the field, and your 

company’s name preferred. Buy successfully ... buy United! 


Do you have United’s new Semiconductor Graphite catalog? 
Write or phone for your copy ... or for immediate help on 
any graphite problem. 


UNITED) Carbon products co. 


P.O! BOX 74a BAY CITY, MICHIGAN 


Circle No. 30 on Reader Service Card 
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A Transistor Bidirectional Limiter 


HERMANN SCHMID* 


The excellent saturation characteristic of junction alloy.transistors permits design of pre- 
cision limiters or switches. A complementary transistor voltage switch can limit an input 
voltage V; accurately to ImV of the limiting potential V,, in both directions, i.e. to +V,, 
and to —V,. If the complementary transistor voltage switch is connected to the output of 
a d-c operational amplifier, the limiter circuit will provide extremely high linearity and 
excellent zero stability. The bidirectional limiter can either accept limiting potentials as 
far apart as 100V or input frequencies of up to several hundred kilocycles, depending on 
whether high voltage or high frequency transistors are used. 


stricts the excursion of a signal in both the posi- 

tive and the negative direction to the desired 
limiting potentials. When the instantaneous voltage of 
the signal to be limited does not exceed the positive 
or negative limiting potential, the output of the bidi- 
rectional limiter should be equal to the input. The 
bidirectional limiter can also be considered as a simple 
function generator useful as an element of a function 
synthesizer in analog computers. 


BIDIRECTIONAL LIMITER is a device which re- 


Performance of Present-Art Bidirectional Limiters 


Most conventional bidirectional limiters use vac- 
uum or semiconductor diodes in either the series- 
diode or shunt-diode circuit.'!: 2: 3) Some use vacuum 
triodes or pentodes. In all limiters of this type, the 
accuracy with which the device will limit a signal to a 
desired potential is always dependent on the perform- 
ance of the non-linear elements used. When diodes 
are employed, the accuracy is determined by the for- 
ward drop itself or the variation of the forward drop. 
In vacuum tubes, the accuracy is restricted by the 
contact potential itself or by the contact potential 
variations. 

A simple bidirectional diode-shunt limiter is shown 
in Fig. 1. When the input signal V; is smaller than the 
positive limiting voltage +V, and larger than the 
negative limiting voltage —V,, the output voltage V, 
it not equal to V;. Instead, V, is a function of the re- 
sistors R,; and R, and the difference of the reverse 
currents through diodes D,; and Dy. When Vj; ex- 
ceeds +V,, it will be seen that V, is not +Vz, but 
+V,, plus the voltage drop across Dy. Similarly, when 
V; is smaller than —V,, V, is —Vz plus the voltage 
drop across D,. 

The feedback diode-shunt limiter, illustrated in Fig. 
2, which may be considered as an operational ampli- 
fier in which the circuit of Fig. 1 is used as feedback 


* Link Aviation, Binghamton, New York. 
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Fig. 2—Feedback diode shunt limiter. 


network, has the basic advantages of high input im- 
pedance and low output impedance. Further, V, is ex- 
actly equal to Vi, when +V;, > V; > —Vz and when 
silicon or vacuum diodes are employed.t However, 
the circuit has the same shortcomings as the simple 
diode-shunt limiter when V; is larger than +V, or 
smaller than —V,. Since the voltage drops across 
the conducting diodes are of the order of 0.1 volt for 
germanium diodes, or 0.5 volt for silicon diodes, and 
since the contact potential of vacuum diodes is ap- 
proximately 1.0 volt, these limiters can perform only 
to a rather restricted accuracy. This is true, even 
when the voltage drops across the silicon diode and 
the contact potential of the vacuum diode are com- 
pensated, because the variation of the latter two are 


+Germanium diodes have a considerable reverse current, 
which varies with the reverse voltage applied across the 
diode. This changes the effective feedback resistance and 
changes also the gain of the amplifier. 


29 


+++ 
=+5y Ov -5Sv 


=v 


-lOv7-Vi 


Fig. 3—Input vs. output curve of a bidirectional limiter. 


still of the order 0.1 volt. The accuracy is especially 
poor when the signal excursions are small (i.e., 
smaller than +10 volts) as is the case with transistor 
circuitry. The transfer function, ie. the V, vs. Vi 
curve of a bidirectional limiter, is given in Fig. 3. 


The Complementary Transistor Voltage 
Switch as the Basic Limiter Element 

The basic element of the transistor bidirectional 
limiter is the complementary transistor voltage 
switch.) Since most of the characteristics which 
make this circuit an almost ideal voltage switch make 
it also an almost ideal limiter, the operation of the 
switch is briefly described. 

The complementary transistor switch, as illustrated 
in Fig. 4, consists of one p-n-p and one n-p-n tran- 
sistor connected at the emitters. In this connection, the 
two transistors operate almost like an ideal switch. 
However, the switch is ideal only with respect to its 
voltage switching capability and not with respect to its 
current or impedance switching characteristics, thus 
the name “transistor voltage switch.” With this re- 
striction, the operation of the transistor switch can be 
symbolized by a relay having s.p.d.t. contacts. Like 
the relay switch, the transistor switch provides a low 
impedance path between one input, say the collector 
of T-1, and the output, and a high impedance path be- 
tween the collector of T-2 and the output, when the 
control signal, V, reaches a specified maximum. Simi- 
larly, it provides a low impedance path between the 
collector of T-2 and the output, and a high impedance 
path between the collector of T-1 and the output when 
V, reaches a specified minimum. However, unlike the 
relay switch, the output voltage of the switch will fol- 
low the control voltage, V,, when the switch is in 
transition (ie., when +V;,>V,>—V,). Further, 
when the polarities of the potentials on the collectors 
of T-1 and T-2 are as shown in Fig. 4, the output volt- 
age will be stable or can remain at any value between 
+V,, and —V, for any length of time. This is not the 
case when the polarities of V; are reversed. 

The operation of the complementary transistor volt- 
age switch is described in a concise form in Table 1, 
where specific values for V; and V, are assumed; say 
+V;,= +10 volts, —V, = —10 volts and V, is vary- 
ing between +-15 volts and —15 volts. In region 1 
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Fig. 4—Simple bidirectional transistor limiter. 


(15V > V. > +10V) the emitter-base and collector- 
base junctions of T-1 are forward biased and both the 
collector-base and emitter-base junctions of T-2 are 
reverse-biased. This means that T-1 is conducting 
(saturated) and T-2 is cut off; the potential on the 
collector of T-1 (+V,;—=-+10V) appears thus at the 
output. Similarly, in region 2 (—15V < V, < —10V), 
T-2 is conducting and T-1 is cut off; the output volt- 
age, therefore, is —V; — —10V. When J, is in region 
3 (+10V > V, > —10V), one of the transistors oper- 
ates as emitter follower and the other as load impe- 
dance for the first one. When V, is positive with re- 
spect to ground, T-1 operates as emitter follower and 
T-2 as load; when V, is negative the functions of T-1 
and T-2 are reversed. In both cases the output follows 
V, closely (within 0.1V). 

A transistor is said to be conducting (saturated) 
when both its base-emitter and base-collector junc- 
tions are forward biased. The voltage between the col- 
lector and the emitter of the conducting transistor, — 
Von, is a measure of the switching quality; for most 
germanium alloy transistors, Veg is. of the order of 
1mv,‘*) when the load is larger than 100K ohms. 

A transistor is said to be cut off when both its base- 
emitter and base-collector junctions are reverse 
biased. The current flowing through the cut-off tran- 
sistor is also a measure of the quality of the switch. 
However, when the circuit is used as a voltage switch 
and the current through the load resistance is consid- 
erably higher than I,, of the cut-off transistor, this is 
of no great significance. 

From the above mentioned, it follows that the com- 
plementary transistor voltage switch can limit a sig- 
nal which is connected to the bases of T-1 and T-2 
very accurately to the potentials on the collectors of 
T-1 and T-2. The output of the switch follows the in- 
put at all times when +V, > Vo > —V;z, but only to 
approximately +100mv. Besides, the d-c output po- 
tential is subject to temperature variations. In cases 
where the d-c potential of the output is of no signifi- 
cance, as is the case for rapidly varying waveforms 
such as square waves, the complementary transistor 
voltage switch, as a single device, will function as a 
very accurate bidirectional limiter. 


The Operation of the Transistor Bidirectional Limiter 


Since, in most applications, the d-c level of the out- 
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Table 1. Conditions in the complementary transistor voltage switch during the various phases of operation. 


CLLLLAG LLL Ady G 


Y 
ae REGION | a] 


— Poy 


Region 1: 
+liv > V, > + 10v 


Region 2: 
—lv < Vo < —10v 


Region 3: 
+10v > Vo > — 10v 


+V,=+10v 


OUTPUT 


-V, =-lOv 


Emitter and collector of T, are forward biased and thus T, conducts. 
Emitter and collector of T, are reverse biased and thus T, is cut off. 
Output stays at +10v. 


Emitter and collector of T, are forward biased and thus T, conducts. 
Emitter and collector of T, are reverse biased and thus T, is cut off. 
Output stays at —10v. 


T, functions as emitter follower when V, = + 
T. functions as emitter follower when V, = — 
T, functions as load impedance when V, = — 
T. functions as load impedance when V, = + 


Output follows V, 


_ put voltage from the bidirectional limiter is of great 


importance, the complementary transistor voltage 


Switch has to be connected into the forward path of 
a low drift, high gain, d-c amplifier, as illustrated in 


Fig. 5. In this connection, the output of the transistor 


_ switch follows faithfully, but with reversed sign, the 
input voltage V;, when +V, > V; > —V,. This is ob- 


vious since in any feedback loop in which the gain is 
high, the relation between input and output is always 
linear when the element in the feedback path (re- 
sistor) is linear. It has been pointed out before that 
the transistor switch operates as an emitter follower 
when V; is between +V, and —V,. The difference 


_ between the output voltage of the d-c amplifier Vz 
and the output voltage of the transistor switch V, is 


the voltage drop across the transistor switch. When 


+V,>V;>—Vz;z, where one of the switching tran- 
sistors is working as emitter follower, this voltage 


_ drop is less than 100mv; but when V; is more positive 
than +V, or more negative than —V,, the voltage 


drop may be several volts. 

When the input voltage V; decreases, and becomes 
negative and Vz becomes more positive than the posi- 
tive limiting potential +V,, transistor T-1 begins to 
conduct, i.e., the current from the d-c amplifier is 
flowing into the collector of T-1. This has the same 
effect as when the feedback resistance of the d-c am- 
plifier is increased, which in turn raises the output 
voltage of the amplifier. 

A more positive output voltage, however, increases 
the current flowing into the collector of T-1, which 
will further increase the effective feedback resistance, 
and so forth, until the output voltage reaches satura- 
tion. Since the emitter-base junction of T-1 is already 
forward biased, when V; is positive, T-1 conducts 
(saturated) as soon as the collector-base function be- 
comes forward biased. At the same time, the base- 
emitter junction of T-2 becomes reverse-biased and 
since the collector-base junction was already reverse 
biased, T-2 is cut-off. With T-1 conducting and T-2 
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cut-off, the two transistors operate like a switch and 
the potential on the collector of T-1, +Vz, is con- 
nected to the output and remains there until Vz 
(~ —Vj) becomes negative with respect to +V >. 

In a similar fashion, T-2 conducts and T-1 is cut off 
when —V; (~ +Vj) is negative with respect to —V >. 
In this case, —V, is connected to the output. 

In both cases when V; is more positive than +Vz, 
and more negative than —V,, the d-c amplifier is 
driven into saturation. This is not desirable because 
it will take some time, especially in chopper-stabilized 
d-c amplifiers, to bring the amplifier back into the 
linear region. This would seriously reduce the maxi- 
mum frequency of V;. Another drawback is the fact 
that the saturation voltage of the amplifier might be 
high and thus produce large reverse voltages across 
the switching transistor, which in turn might damage 
the latter. It is thus desirable to limit the voltage ex- 
cursion of the maximum limiting potentials. This can 
easily be achieved with conventional zener diodes, as 
shown in Fig. 5. The slope of the input-output (V; — 
V,) curve, as given in Fig. 3, can easily be changed 
by varying the ratio between the input resistor R, 
and the feedback resistor R,. If R; is infinite, the slope 
of that curve is infinite also and the circuit is re- 
ferred to as a “Bang-Bang” circuit. 


Fig. 5—Schematic of the high accuracy bidirectional 
limiter. 
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Performance of the Transistor Bidirectional Limiter 


The transistor bidirectional limiter performs just as 
accurately as the d-c amplifier alone, when the input 
voltage is exceeding neither the positive nor the nega- 
tive limiting voltage. When the input voltage V; ex- 
ceeds + V, or —V;,, the output voltage is almost ex- 
actly the limiting potential. The amount by which it 
differs from Vy, is the voltage drop across the con- 
ducting transistor Voy. Vor is, for most germanium 
alloy junction transistors, of the order of lmv. With 
the transistor switch connected into the feedback 
loop of a d-c amplifier Vey is largely independent of 
the variations of R;, Rp, R; and V_. 

The question remains, what happens when the mag- 
nitude of V; equals the magnitude of Vz, or is very 
close to it? It has been mentioned before that the cir- 
cuit becomes regenerative when. |V;| is equal or 
slightly larger than |V;|. This means that the ampli- 
fier output voltage Vz is not stable when it reaches 
V_. In fact, it goes very rapidly from the linear re- 
gion into saturation, and this happens when |V;j| is 
exactly |V,|. In other words, the corners of the input- 
ouput curve in F%g. 3 are very precisely defined. 

The maximum frequency with which the input sig- 
nal V; can vary is in most cases limited by the fre- 
quency response or the bandwidth of the d-c ampli- 
fier. The frequency response of the transistor switch 
alone must be discussed for the case where the ampli- 
tude of the input signal is (1), smaller than, and (2), 
larger than, the amplitude of the limiting potential. 
While in the first case the transistor switch is operat- 
ing as an emitter follower and the frequency response 
of it is determined mainly by f,,, in the second case 
the transistor switch saturates and thus the frequency 
response is a function of how much the switch is satu- 


rated and on how fast this charge cn be removed: 
again. This in turn depends on the base input circuit: 
and frac. 

The maximum voltage difference between the limit-. 
ing potentials +V,, and —V,, with present-art tran-. 
sistors, can be as large as 100 volts (+50V). This is: 
dependent only on the maximum collector-to-base, 
collector-to-emitter and emitter-to-base breakdown: 
voltages'®) of the switching transistors. It is, however, 
required that the potential on the collector of T-1 be: 
positive with respect to the potential on the collector: 
of T-2, irrespective of ground. : 

It is further necessary that the limiting potentials | 
come from a low source impedance, preferably from | 
a source of less than 50 ohms. 

The dynamic range of the transistor bidirectional 
limiter, with 50v maximum output and 1Imv mini-. 
mum output, is of the order of 50,000. 

While dynamic range is mainly a function of the: 
breakdown voltages between the electrodes of the: 
switching transistors, the frequency response of the | 
switch is a function of f,, and the base input circuit. 
Since, however, transistors with high breakdown volt- 
ages between the electrodes necessarily have a low 
foc only a compromise between maximum dynamic 
range and maximum frequency response can be ob- 
tained. With general purpose, germanium alloy junc- 
tion transistors such as the 2N43 as the p-n-p and the 
2N94A as the n-p-n unit, a dynamic range of 20,000 
and a frequency response (amplitude 3 db down) of 
200kc had been measured when the input signal ex- 
ceeded the limiting potential. These figures do not 
indicate the maximum performance of the device but 
rather the performance with general purpose transis- 
tors. 
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The Magnetic Reset Control of Silicon Control 
Rectifiers 


BARUCH BERMAN* 


The reset scheme of control of self-saturating magnetic amplifiers offers advantages such 
as fast response and versatility of control signals. Either a-c or d-c may be used to control 
the reactor. When a reset controlled saturable reactor is adapted to control the firing of a 
rectifier such as G.E. Type C35B or others of the same physical and electronic character- 
istic, a high power, high gain, fast response compact package is obtained, which has 
input-output characteristics largely independent of input line and frequency variations. 
The reactor output presents a steep wave front to the gate circuit of the controlled rectifier 
allowing precise determination of the firing angle. Wide range of control and high power 
amplification is an inherent feature of the package. Complete isolation is established be- 
tween signal and power circuits. 


The Firing Reactor 

The basic circuitry of the firing reactor is shown in 
Fig. 1 for half wave operation. 

The circuit consists of a small isolation step-down 
transformer, supplying both the control reset winding 
“A” and the gate supply winding “B” of the reactor 
L1, two small silicon rectifiers, and resistors R,, and 
R,. R,, forms a path for the magnetizing current 
and insures against undesirable firing of the controlled 
rectifier, which forms the external load Rg. R, limits 
the gate current and shapes the load line for correct 
operation under extreme conditions. An important 
feature of this reset circuit is that no change of mag- 
netization occurs during conduction of the output 
winding. A drawback of mmf controlled magnetic am- 
plifiers is their slow response to control signals. The 
inductance of the control winding causes a delay of 
the control mmf build up. The reset amplifier is con- 
trolled by the signal voltage. The control source is not 
actually engaged in the magnetization of the trans- 
former core. Operating power is derived from the 
supply transformer (T1) while the signal voltage 
acts as a reference standard. The control current of 
winding “A” is dependent solely on the properties of 
the magnetic core and rectifier leakage. If very nar- 
row loop magnetic cores are used tremendous power 
gains are possible with no sacrifice of response. 

In the circuit shown in Fig. 1, during the first half 
cycle terminal #3 of T1 is positive and winding “B” 
is biased for conduction. Terminal #5 on TI is also 
positive, but the rectifier associated with winding 
“A” is reverse biased, and no current can flow in 
winding “A” due to transformer T1 voltage. During 
the second, or negative half cycle, terminal #4 of T1 
becomes positive and no load current can flow. Ter- 


* Chief Engineer, ACF Electronics Division, ACF Industries 
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minal #6 of Tl becomes positive and control current 
will flow in an amount dependent on the control im- 
pedance or voltage. 

An important relation is 


Bay Sp 
ei NB 


where na = control turns 
Ne = gate turns 


Consideration of minimum control resistance may re- 
quire that e. be higher than Re,. This will increase 
the back bias on the control circuit rectifier. 

The output current of the circuit shown in Fig. 1 
is a controlled half wave rectified sine. Fig. 2 is an os- 
cillogram of this current flowing through the con- 
trolled rectifier gate. No.current flows during the neg- 
ative half cycle in either direction. This feature is im- 
portant when operating with controlled rectifiers. 
Positive voltage on the gate circuit of the controlled 
rectifiers during the negative half cycle of rectifier 
supply causes increased and unnecessary losses which 
may eventually lead to the controlled rectifier run- 
ning away. Inverse voltage on the gate circuit may 
damage the gate circuit. 


i+ 
REACTOR Ig 
See] 


| eee | TRANSFORMER 
POWER 
ie 1O INPUT O2 sy 


Fig. 1—Circuitry of a firing reactor. 
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Fig. 2 (Top)—Current through controlled rectifier gate. 


Fig. 3 (Bottom)—Full wave a-c load current. 
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Fig. 4—Firing reactor characteristic. 


Fig. 3 shows the oscillogram of the resultant full 
wave a-c load current controlled by the signals sup- 
plied by two (2) units each having the output as 


shown in Fig. 2. 


During non-conduction (before saturation) : 


Positive half cycle e, = eg 


Negative half cycle e2 = Re; 


Re: — & = ea = Rez 


During conduction (after saturation) : 


Positive half cycle e; = I¢R¢ 


Thus, before saturation |e;| = 
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eB 


in magnitudes and 


Lec . Dur- 


during the negative half cycle |e,| — = |ez 


ing saturation the reactor voltage ep = 0. 


Fig. 2 (top) is an oscillogram of output of the mag- 
netic reset circuit as it appears across the gate circuit 
of the controlled rectifier. Firing angle shown is 110°. 
Peak signal voltage is 10v, which is in series with the 
load line shaping resistor R, (see Fig. 1). 

Fig. 3 (bottom) is an oscillogram of the controlled 
rectifier output into a resistance load. The response is 
instantaneous. Full wave a-c output is shown. Scale: 
1” = 100YV. 


The firing angle 0,, is given by: 


Die.) 


Cos Oe = —1 n — subscript 


| Re, | for half cycles 


The firing angle is dependent on the control voltage 
of the preceding half cycle. Thus, the time for full 
response is one cycle in a half wave circuit or a half 
cycle in a full wave circuit. The output magnitude 
will be independent of supply voltage. 

The control signal is integrated during the non- 
firing half cycle. A duration of one half cycle is long 
enough to allow the core to distinguish between com- 
mand and noise, making the signal to noise ratio very 
high. This feature simplifies the work of the design 
engineer in that each job does not become a project 
which has to be shielded from noise interference in a 
particular and unique way. Line transients, created 
by prime mover-generator imperfections or by other 
switching loads, commutator noise, and capacitance to 
ground that usually interfere with reliable unit oper- 
ation are reduced to an insignificant value. 

The circuit shown in Fig. 1, may be engineered into 
a variety of control circuits designed to cover a mul- 
titude of functions, such as position controllers and 
indicators, speed control of a-c and d-c motors, volt- 
age control of line and voltage control of generators, 
whether a-c or d-c, lighting and illumination control, 
power supplies, half wave and full wave switches for 
a-c and d-c, current regulators and various servo ap- 
plications. 

Fig. 4, shows a normalized transfer curve of the 
half wave reset reactor package. The curve shows 
average output current vs average control circuit cur- 
rent and control circuit ampere turns. The output 
current is the gate current of the controlled rec- 
tifier. The control current, in milliamps d-c, is the 
current required to reset the reactor for different 
values of output. The maximum current may be com- 
puted as follows: 


fist 1.2 1N 4 
l 
[ss H10.8 
Na 
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Where: 


H, = Coercive force of the material, in oersteds 
1 = Mean core length (magnetic) in centimeters 
Na = Number of turns of the control winding 


I, = Control current-amperes. 


Allowance is made for deviation of the material 
from the “square loop,” and for the widening of the 
hysteresis loop due to the cyclic variation of the volt- 
age and control. 

The control characteristic shown in Fig. 4, is shifted 
negatively on the control current axis by approxi- 
mately .45 ampere turns. This is due to the fact that 
there is some finite control current flowing during 
the saturation interval of the core. The shift is affected 
also by the rectifier inverse leakage. In the circuit 
under discussion the rectifiers in the gate circuit are 
subjected to very low inverse voltages as compared 
with their rated peak inverse voltage, and can be 
assumed to have zero reserve currents. Therefore, 
their contribution to shift is nil. However, a shift 
caused by these rectifier leakages, when present, is in 
the positive direction and thus has the nature of nega- 
tive feedback. 

On the other hand it should be noted that, when 
the core saturates early in the cycle, full inverse 
voltage is impressed on the rectifier incorporated in 
the control circuit. Thus, some finite control current 
will flow, through the negatively biased rectifier. The 
polarity sense of the control winding is such that this 
current will cause an aiding mmf to be impressed on 
the core causing the negative shift of the transfer 
curve. A core feedback factor has to be known before 
the absolute value of control current, with no bias 
applied or contemplated, can be computed. 

For the single core half wave assembly shown pre- 
viously: 


Wu HLO8 
Na 
0 
p, = 03.X 947 X08 _ 195 mg 


1820 
I.N4 & .23 ampere turns. 


The negative mmf equal to the shift may be formal- 
ized as positive bias. A fixed resistor R, is inserted to 
effect a negative bias. This resistor may be also used 
for accepting a control voltage if desired. The amount 
of negative bias can be so set as to allow an input of 
changing polarity to cause an output duplicating it; 
i.e. a positive signal, or a signal of identical polarity 
and phase as é will cause the output to be low. At 
no signal the output will be half of maximum and 
with a signal opposing e2 the ouput will be full. 

R, may be computed as follows: 


(€2 —_ er) x 0.45 


Rk. = 
Te 
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Fig. 5—Firing angle vs. single reactor control current. 


where: 


0.45 = half wave Form Factor 


ér = rectifier drop (~ 0.7v. for silicon) 
€2 = 18v. rms nominal (transformer terminals 


5-6), and I, set for just compensating the posi- 
tive inherent bias, i.e., 0.45 ampere turns 


[, = deg 0.25 ma (single reactor) 
1820 
Wd 3 
R, = 18 X10" 5 0.45 = 31,100 ohms © 31K 
0.25 


Of more interest, when the unit is used to fire con- 
trol rectifiers, is the relation between the firing angle 
and the control quantity. 

Fig. 5, shows the relation between the control cur- 
rent and the firing angle. 

The firing angle of the reactor, and therefore, of 
the controlled rectifier also, is independent of the gate 
circuit impedance. If desired, the dissipation in the 
gate circuit can be further trimmed with resistor R, 
to suit desired conditions dependent on applicable 
specifications. However this will seldom be necessary. 

Additional control or bias windings may be added 
to allow for programming, compensation or perform- 
ing a variety of functions, all within the space factor 
limitations. 

Figs. 6 and 7 indicate typical operation of a com- 
plete package or circuitry incorporating the magnetic 
reset unit as well as the controlled rectifier. 

The output as shown on Figs. 6 and 7 is full wave 
d-c, unfiltered. The control of the reset circuit is set 
with a resistor. A transistor control will bring about 
the same results as obtained with a resistor due to 
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Fig. 6—Average characteristic of controlled rectifiers 
with magnetic reset; 60 cycle operation. 


the fact that both control the reset in the same mode. 

The curves of Fig. 6 were taken with resistive load. 
The striking similarity of the curves to the typical 
output of a magnetic amplifier is noted. Of interest 
here are the obvious superior characteristics of the 
package as compared with magnetic amplifier output 
curves. 

The quiescent minimum current is zero. This is due 
to the fact that no exciting current is needed to induce 
a counter emf which will support the voltage across 
the rectifier, whereas a magnetic amplifier draws a 
certain amount of exciting current (except in spe- 
cially arranged circuits). The voltage drop is very 
low and, therefore, the saturation voltage available 
for maximum load is higher than with most magnetic 
amplifiers utilizing the better oriented steel alloys. 

The gain is high, and the time constant is short, i.e. 
the figure of merit “M” is very high. 


Mass 
T 


| 


where K = gain 
i 


time constant. 


Higher gains are easily achieved by reducing the 
load impedance, while providing for larger cooling 
fins, forced air draft or by using rectifiers of higher 
voltage rating. These rectifiers do not increase the 
gate circuit loading, thus allowing an increase in 
power available from the same package with no in- 
crease in signal power. 

It is shown on the linear region of the nominal 
voltage curve (115v) (Fig. 6) that the power avail- 
able is 430 watts, d-c. This power is obtained by 
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Fig. 7—Variation of average output current and voltage 
with varying line; 60 cycle. 


swinging the total control signal over a range of not 
more than 0.25 ma d-c. The voltage on each control 
winding is approximately 11 v. rms. Thus the signal 
absorbed by the control winding is 


11 *.0.25 < 10-3 K 0.85 = 4.7 milliwatt 


The response is one half cycle 


3 . 
Ko ee ore 
4.7 


3 
Foe 9E5°x< 10 


; = 183 X 10? per cycle 
05 ee 


M was obtained by relating control circuit power 
to the output of one and the same nominal source 
supplying both. The control signal power was not 
drawn from the signal source, but from the supply 
transformer. If considered with respect to the signal 
source, the gain can be made theoretically infinite. 

Fig. 7, relating average output current with respect 
to a-c supply voltage shows a relatively constant out- 
put with varying line input. At approximately 50% 
of maximum output the regulation is flat. Below that 
the output curves have a negative slope while above 
the 50% level the slope becomes positive and finally 
at saturation, the load current follows the line volt- 
age, as would be expected. 

Fig. 7 points to the self-compensating properties of 
the power pack. The input line is allowed to vary 
from 85V to 130V a-c, rms, a range covering more 
than the variation expected on the softest line. These 
characteristics of constant average output, with vary- 
ing input may be exploited very advantageously for 
uses such as non-regulated power supplies, rotating 
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Fig. 8—Average output current and voltage vs. control 
current, 400 cycle operation. 


equipment field and armature supplies, magnet and 
clutch coils, cathodic protection loops, and many more. 
All of the preceding are accomplished without the 
complexity of closed loops. 

Many lab supplies, shipboard supplies and espe- 
cially airborne supplies are 400 cycle. The power pack 
will operate, without any modification, at 400 cycles 
and at any frequency between 40 cycles and 500 
cycles. Curves in Figs. 8 and 9 and 10 show the char- 
acteristics obtained at 400 cycles. 

Another interesting application is described below 
where silicon controlled rectifiers are used in a-c 
servo motor drives. A-C servo motors are generally 
designed with high rotor resistance. The rotor resist- 
ance shapes the torque-speed curves in such a way as 
to make the motor suitable for control applications. 

A high rotor resistance reduces the possibility of 
single phasing with no control voltage applied to the 
control phase of the motor and provides increased 
internal motor damping, thus reducing stability prob- 
lems. 

Fig. 11 shows a characteristic curve of a Diehl servo 
motor. The motor is rated 16 watts output and has a 
synchronous speed of 1800 rpm. The input watts are 
divided between the control phase and reference 
phase. The reference phase is kept constant, though 
shifted with a capacitor, to obtain the two phases re- 
quired for motor control. The maximum output watts 
are delivered between 1300 and 900 rpm. 

The torque developed by the servo motor is pro- 
portioned to the voltage applied to the control phase 
and to the speed. The stall torque is directly propor- 
‘tional to the control phase voltage. Thus an amplifier 
having variable output voltage and low output imped- 
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Fig. 10—Firing angle vs. single reactor control current. 
(400 cycle) 


ance is a suitable implement for the servo motor con- 
trol. In practice, servo motors are not ideally linear. 
Torque varies with temperature, internal damping 
varies with speed and voltage, input impedance varies 
with speed and voltage and the torque sensitivity 
varies with voltage. 
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The motor transfer function is given by 
aie Upitoes 
S (JS +B) + 72S) 
where J, is inertia of the driven system 
B is the damping factor 
To is the electrical time constant of the rotor 
K is the motor gain. 
S is the Laplace operator 


KG, can be written also as 


Wo 1 We pial 
S (S + a1) (S + as) 


we is about four octaves above w1, and will be"neglected 
in preliminary design where 


w= 201 = B/J jo = K/B 


2 


The motor considered has the following parameters — 
Theoretical acceleration — 25, 300 rad/sec.? 


Inertia J = 0.58 oz-in.? = 0.78 X 10-5 Slug-ft.? 
Synchronous speed = ao = 607 


With rated voltage the torque around stall = 37.5 
oz.-in. = 196 < 10° ft.-lb. 


=} aS 
B= tO KO 404561028 (4 >.) 
60 7 Rad 
T, = J/B = 0.75 X 10-? = 7.5 milliseconds 
1 
w = — = 133 f = 21 cycles 
T; 


The input impedance of the servo motor is largely 
inductive. This impedance shifts with operating con- 
ditions and input voltage. The motor develops back 
emf with rotation. The back emf is responsible for the 
major portion of the impedance change which makes 
it inadvisable to try to closely match the amplifier im- 
pedance with the motor impedance. 


Control Rectifiers for Servo Motor Drive 


An amplifier having a variable output voltage and 
suitable for an a-c servo motor drive can be designed 
using control rectifiers. Such an amplifier may have 
half wave, full wave single phase a-c output or three- 
phase a-c output. A schematic of a full wave a-c servo 
motor variable speed drive is shown in Fig. 12. 

The silicon controlled rectifiers are driven by the 
magnetic reset control described previously. Trans- 
former T1 provides the necessary sequence and com- 
binations of voltages required for the firing and con- 
trol of the self-saturating reactors LIA and L1B. The 
controlled rectifiers CR1A and CRIB are connected 
back to back to form a full wave, re ee a-c 
amplifier. 
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Fig. 11—Typical performance data for a-c low inertia 
servo motor. 16 watts output, 115/115 v., 60 cycle, 4 pole, 
2 phase. 
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Fig. 12—A-C servo motor speed control. If connected as 
shown by the dotted lines, the full input to the motor is 
controlled and no idling losses are incurred. 
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A signal proportional to the speed is obtained from 
_ the tachometer. The tachometer signal is compared 
with a stable reference signal provided by a zener 
diode network. The error signal, which is the differ- 
ence between tachometer signal and reference signal, 
drives the transistor preamplifier (Q1), which con- 
trols the firing angle of the reactors and final control 
rectifiers. By changing the setting of the speed ad- 
justing potentiometer, the operating point can be var- 
ied from standstill to rated speed. The system shown 
in Fig. 12 is a representative one. The detecting can 
be done by various other means such as an a-c 
tachometer, resonant circuits (when a motor driving 
an a-c generator is controlled), pick up pulsing coil 
with integrator, d-c motor armature voltage, etc. 

The top of Fig. 13 shows oscillograms of the ampli- 
fier output voltages as they appear across the motor 
controlled phase. 


Fig. 13—Oscillogram taken across controlled phase (top); 
Trigger output (bottom). 


Junction Transistor Measurements And 


Practical Standards 


BERNARD REICH* 


WILLIAM ORLOFF* 


Part.2. 


Measurements and circuits required for the specification and evaluation of junction tran- 
sistors have been set forth. The report covers the basic measurements required on most 
transistors, and specific techniques and circuits for vhf and uhf devices. 


Base Spreading Resistance — r, 


Another important transistor parameter is the base 
spreading resistance r,’. Its measurement consists 
essentially of the measurement of the real part of the 
high frequency input impedance of a common emitter 
circuit as shown in Fig. 8. The equation for impedance 
looking into the high and low terminals is 


ry + A (5) 


scm EA 


VA 
Pe — 
4in 


Assuming that at the frequency of measurement, 
which in this case is 250 mc/sec, 


Ti 
ee yy, = Ss WNEN 


l—a (6) 


ty 2h. (Zin) 


The 1.5-30 uyf variable capacitor is placed in series 
with the base lead to resonate with the lead induct- 
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ance of the device. r;’ can then be read directly from 
the R, dial of an R, meter. 


Junction Capacitances 


Of importance in the higher frequency characteriza- 
tion of transistors is the collector depletion layer ca- 
pacitance and the emitter transition capacitance. The 
more familiar capacitance, at least the one simpler to 
measure, is the one associated with the collector de- 


BOONTON 
Rx METER 


LOW 


Fig. 8—Measurement of base spreading resistance r,’. 
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Fig. 9—Circuit used for measurement of rise, storage 
and fall times, 


& 

pletion layer. In practice the collector depletion capac- 
itance is obtained by measuring the output collector to 
base capacitance. At this Laboratory this is accom- 
plished by a Kay Lab Dynamic Micro-Miker at a fre- 
quency of 1 megacycle per second. Subtracting this 
measured capacitance from the header capacitance 
yields the collector depletion layer capacitance Cg. 

The measurement of the emitter transition capaci- 
tance is not made directly but is arrived at by plotting 
1/fr as a function of 1/Ip. The details of this measure- 
ment technique and subsequent analysis is beyond the 
scope of this article. It must be said, however, that this 
parameter is of importance in switching devices. 


Significance of VHF and UHF Parametric Measurements 


Ideally, from the information presented in the pre- 
ceding portions of this paper, the prediction of the 
transistor circuit performance should be calculable. 
For the instant, we assume this to be the case and 
examine the significance of the parameters previously 
discussed. A figure of merit most commonly used in 
the discussion of transistors is the maximum fre- 
quency of oscillation. In terms of the parameters pre- 
viously discussed, fmar is expressed as follows: 


hye X fa. 


8 Tv Ty 


an = (7) 
where h;, is the low frequency current gain and fy is 
the alpha cut-off frequency. 

If the f., x h,, product approximates the fr fre- 
quency then 


fr 

ea fe Oe S 
The parameters previously discussed namely fy, ro, 
and C, can now be used to predict the performance of 
transistors in circuit applications. If figs is known, the 
matched, neutralized power gain of a tuned amplifier 
can be predicted. From fina, the power gain will in- 
crease at a rate of 6 db/octave for most transistors. 
The performance of transistor oscillators can also be 
predicted from faz. In the article by Thornton and An- 
gell®) values of fall of oscillator efficiency with fre- 
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Fig. 10—Circuit for measuring small signal neutralized 
common emitter power gain covering a frequency range 
from 30 mc to 200 mc with commen base biasing. 


quency of 25% per octave for the sbt and 23% per oc- 
tave for the madt have been shown. These figures 
have been corroborated by the authors for the madt 
and other diffused and graded base structures. The 
importance of fm, as a useable figure of merit can- 
not be overemphasized. 

To further demonstrate the importance of these de- 
vice parameters we examine the equation for the rise 
time of a highly saturated madt transistor and find | 
that: (® 


_ 0.8 hye (9) 
2n fr 
where h;,- is the common emitter circuit gain. 
Similarly for fall time 
0:8 ees 
i; = 0.8 hgece Ky (10) 


2n fr 


where hyeco is the turn-off circuit gain, and 
Kr — d + De wfhr Rr C.) 


where R, is the load resistor and C, is the collector ca- 
pacitance. 
[Gps (1 + 2xfr Rz C,) 


Functional Transistor Measurements 


Unfortunately for both the manufacturer of devices 
and the consumer, it has not been possible to ade- 
quately specify transistor performance in terms of its 
parameters. To both parties this means added cost 
since the use of functional transistor measurements 
becomes necessary. Functional measurements, al- 
though alleviating a specific problem, are not univer- 
sal, in that the functional measurement made covers a 
specific circuit condition under specified set bias con- 
ditions. With this cautioned introduction we can now 
discuss some of the functional measurements made 
on military devices. 

A circuit commonly used for the measurement of 
transistor switching speed is shown in Fig. 9. In 
this particular circuit current turn-on and turn-off are 
employed. The circuit is normally off and is turned on 
by the application of a pulse —V applied to the tran- 
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FAIRC! 
— SILICO 


Where applications requ 
performance beyond prev 
limits, Fairchild Silicon Transistors offer an 
exceptional 5-way combination: 


SPEED 


80 milli-micro-second rise time affords the 
fastest switching yet available with silicon. 


POWER 
2 watts dissipation at 25°C. leaves plenty of 


power handling capacity at higher temperatures. 


RELIABILITY 


Storage at 300°C. for 350 hours caused no 
serious changes, assuring a large safety factor 
at operating temperatures. 

Mesa construction provides 

extraordinary ruggedness too. 


AVAILABILITY 


Quantities 1 to 1,000, from stock for same day 
shipment, available at Schweber Electronics. 


PRICE 

Gearing for quantity sales has brought prices 
down within reach of more users. 
Schweber’s price? Factory price, of course! 


ABSOLUTE MAXIMUM RATINGS (25° C.) [Note 1] 


VosBo - Collector to base voltage 

V - Emitter to base voltage 
EBO : 

VCER — Collector to emitter voltage 


Total dissipation at case temperature 25° C. [Note 3] 
at case temperature 100° C. 
at free air temperature 25° C. 


MULTI-PURPOSE NPN—2N696, 2N697 


Multi-purpose silicon mesa units for amplifier, 
switching and medium power applications. 

The inherent high speed switching characterist 
make them the most advanced transistors 
available. 


Gain-bandwidth product is typically 80 
megacycles on 2N696 and 100 megacycles 


on 2N697. 

A superior combination of speed, power 

and reliability. 
SYMBOL CHARACTERISTIC MIN. TYPICAL MAX TEST CONDITION 
Nre D.C. pulse current gain |Note 4] 20 40 60 Io¢=150mA Vo=l 
VBE SAT Base saturation voltage 1,0V Ay! I¢=150mA Ip=l 
VCE SAT. Collector saturation voltage 0.7V 1.5V Ic ==150mA Ip=1 
fe Small signal current gain 2 4 I¢~ 50mMA Vo=l 

at f =20mc 
Cob Collector capacitance 20uuf Buuf Ie= OmA Vo=l 
loBo Collector cutoff current O1,A 10,A Vco= 30V T= 
5uA 100A Ve= 30V Ta 
SYMBOL CHARACTERISTIC MIN. TYPICAL MAX. TEST CONDITIONS 
hee D.C. pulse current gain [Note 4] 40 75 120 I¢=150mA Vo=lt 
VBE sat, Base saturation voltage 1.0V 1.3V Iqg=150mA Iga 
VceE sat, Collector saturation voltage 0.7V 1.5V I¢=150mA 'g= i 
Nfe Small signal current gain 2.5 5 Io= 50mA Vo Ht 
at f =20mc 
Cop Collector capacitance Duuf Saat i= OmA Vga 
IcBo Collector cutoff current 01,A 10uA Va= 30V T=% 
SuA 100,,A Vo= 30V T=1 


HIGH VOLTAGE NPN—2N699 


The unique combination of characteristics 
in the 2N699 offers performances previously 
unattainable. 


Greater voltage swing in oscillator and amplifie’ 
circuits, more production in inductive switching 
circuits due to the 120 volts collector to base 
voltage rating plus no sacrifice in speed or pow 
characteristics make this transistor a most 
important addition to the Fairchild family of 
silicon mesa transistors. 


Its applications range from low-current 
high-frequency I-F circuits to high-current, 
low-frequency relay drivers. 


2N699 


SYMBOL CHARACTERISTIC MIN. TYPICAL MAX. TEST CONDITION 


Nee D.C. pulse current gain [Note 4] 40 120 Iq¢=150mA Vo} 
VBE SAT, Base saturation voltage 0.95V 13V Io=150mA \g=! 
Voce sat, Collector saturation voltage 2.0V 5V Iqg=150mA Ig=1 
Ne Small signal current gain 25 5 In= 50mMA -Vn=]1 
at f=20mc e c 
Cob Collector capacitance l4nuf unt B= OmA Vo=! 
IoBo Collector cutoff current O1,A 2A Va= 60V T= 
3uA — 200uA Vq= 60 T=1 


NOTES: 1. The maximum ratings are limiting absolute values above 2. Ra 


which life or satisfactory performance may be impaired. where 


3v 
20v 


2 watts 
1 watt 
0.6 watt 


0.6 watt 
0.3 watt 
0.3 watt 


ULTRA FAST SWITCH NPN—2N706 


The 2N706 is as fast as the fastest germanium. 
Because of its inherent low storage, 

overdrive ceases to be a speed-limiting factor. 
No diodes or other components are needed to 
keep it out of saturation. 


10 megacycle clock rates with low current 

(5 milliamps) saturated logic circuit are 
obtainable reliably for the first time. Packaged in 
the JETEC (TO-18) header, the 2N706 permits 
high density building block computer packaging 
techniques to be employed. 


CHARACTERISTIC MIN. TYPICAL MAX. TEST CONDITIONS 


D.C. pulse current gain [Note 4] 15 
Base saturation voltage 0.75V 0.9V 
Collector saturation voltage 0.3V 0.6V 
Smail signal current gain 4 

at f= 100mc 
Collector capacitance Suuf 6uxf 1e= OmA Vco=10v 


005xA 0.54A Vo= 15V T= 25°C. 
3.5uA = 330A Ve= 15V T=150° C. 


Ig=10mA 
I¢=10mA 
I¢=10mA 
I¢=10mA 


Vo= 10V 
'g= lmA 
Ig= 1mA 
Vo=I5V 


Collector cutoff current 


P DCTL Propagation Delay (See chart 
and definition on page 3.) 


4 5—-llmus 


¢ Mean—8mus ¥29°6 


t Io=4.5mA 


CTRICAL CHARACTERISTICS (25° C.) 


STANDARD PNP—2N1131, 2N1132 


The circuit designer need no longer be limited 
by unavailability of PNP transistors. 


Schweber has them in stock. 


These transistors closely match the Fairchild 
2N696 and 2N697 respectively, making 

possible high speed circuits with complementary 
symmetry and affording choice of polarity in 

any appropriate application. 


2N1131 


SYMBOL CHARACTERISTIC MIN. TYPICAL TEST CONDITIONS 


D.C. pulse current gain (Note 4) 15 
Base saturation voltage 
Collector saturation voltage 


Small signal current gain 
at f=20mc 


Collector capacitance 
Collector cutoff current 


2N1132 


SYMBOL 


TEST CONDITIONS 


CHARACTERISTIC MIN. TYPICAL MAX. 


hee D.C. pulse current gain [Note 4] 30 Ic=150mA Vo=~10V 

VBE SAT, Base saturation voltage -10V  -15V. Ic=150mA_—Igp=- 15mA 

VcE sat, Collector saturation voltage -L0V -15V I= 150mA_—Ig=-15mA 

Me Small signal current gain 3 Ic= SOMA Vo=- 10V 

at f=20mc 

Cob Collector capacitance uul MSuuf Ip= OMA Vo=-10V 

lcBo Collector cutoff current OA 104A Vo= 30V T= 23°C. 
5uA 100,:A  Vo= WV T=150° C. 


3. Thes tings (except 2N706) give a maximum j 


5v 


2 watts 
1 watt 
0.6 watt 


LOW STORAGE NPN —2N1252, 2N1253 


to 1/2 ampere core driving levels. 
These units make 5 megacycle saturating 
switching circuits possible. 


A few of the many applications are magnetic 


Low storage time and low saturation voltage 
make the 2N1252 and the 2N1253 ideal for all 
types of saturated circuitry from low logic levels 


core drivers, drum and tape write drivers, 
high-current pulse generators and 


clock amplifiers. 


2N1252 


SYMBOL CHARACTERISTIC 


Base saturation voltage 


Ne Small signal current gain 
at f=20mc 

Cob Cotiector capacitance 

loBo Collector cutoff current 

to+te Turn off time 


2N1253 


Collector saturation voltage 


MIN. TYPICAL 
D.C. pulse current gain [Note 4] 15 


2 


35 
0.9V 
0.6V 


Collector cutoff current 


Turn-off time 


HIGH BETA NPN—2N1420 


SYMBOL CHARACTERISTIC MIN. TYPICAL 
Nee D.C. pulse current gain [Note 4] 30 45 
VBE SAT, Base saturation voltage 0.9V 
Voce sat, Collector saturation voltage 0.6V 
fe Smail signal current gain 25 55 
at f=20mc 
Cob Collector capacitance Wun 


I¢=150mA 
I¢=150mA 
ig=150mA 
Ic= S0mA 


Ig= OmA 


Vo= 20 
VE= 20v 


I¢=150mA 1g1=15mA 


Ipo= SmA 


Pulse width=10 ms 


TEST CONDITIONS 


Ig2= SmA 


Pulse width=10 ms 


For high beta applications, the 2N1420 


provides a minimum beta of 100 and a maximum 
beta of 300 without sacrifice in speed and power. 


These features are combined with the basic 
characteristics of the NPN 2N696 to make this 


another reliable and outstanding Fairchild 


transistor. 


2N1420 


SYMBOL 


CHARACTERISTIC 


Vee SAT, Base saturation voltage 
VCE SAT. Collector saturation voltage 


Me Small signal current gain 
at f=20mc 
Cob Collector capacitance 


lcpo Collector cutoff current 


bre D.C, pulse current gain [Note 4] 100 


25 


unction temperature of 175°C. and junction-to-case thermal resistance of 75°C. /watt 
(derating factor of 13.3 mw/°C.). For 2N706—junction-to-case thermal resistance of 250°C./watt (derating factor of 4mw/°C.). 


MIN. TYPICAL MAX. 


1.0V 
0.6V 
6.5 


Duut 


O1LA 
SuA 


BSuuf 


1,0,A 
100,A 


4. Pulse cor 
length = 12 ms.; duty cycle = 2%. 


I=150mA 
I= 150mA 
I= 50mA 
lg= 10mA 


Vo= 30V 
c 
Vo= 30V 


TEST CONDITIONS 


TEST CONDITIONS 


Vo=10V 
Ip=15mA 
ig=15mA 
Vco=10V 
Vo=10V 
T= 25°C. 
T=1590° C. 


Ry =400 


R_ =402 


Vo=l0V 
Ig=15mA 
Ig=5mA 
Vo=10V 


Vo=lov 
T= 25°C. 
T=150° C. 


ions: 


TATION OF 
[D SILICON TRANSISTORS 


mum reliability every completed Fairchild transistor 
°C. for at least 60 hours before final inspection. 

id not survive. 

step accomplishes a stabilization of characteristics 
weusands of hours of operation 

peratures of 175°C. Many users are verifying 

jability in test programs of their own. 


™ 


“a 
ea 


OOO 


| TYPE 
LE FOR SAME DAY SHIPMENT 


»pend on Schweber as the direct factory source 
ransistors. Quantities up to 1000 of each type 

are available from stock at Schweber Electronics. 

All shipments are made same day as ordered...at factory prices. 


for specification sheets, write: 


CHVODER excreome. 


60 HERRICKS ROAD, MINEOLA, L.1., N.Y. 
PIONEER 6-6520 
TWX G-CY-NY-580U 
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Fig. 11—Circuit for the measurement of oscillator per- 
formance in the frequency range from 70 to 400 me. 


sistor base. An oscilloscope of appropriate speed is 
used to measure the delay, rise, storage and fall times. 
Although the circuit shown in Fig. 9 utilizes current 
turn-on and turn-off, it is possible to use other circuit 
conditions for this procedure. These varied circuit 
arrangements necessitate the specification of tran- 
sistor switching parameters. 

One of the more important functional tests is the 
measurement of power gain of a transistor amplifier 
intended for r-f or i-f amplifier use. The measure- 
ment of this functional parameter is usually made at 
the frequency of interest in a common emitter neu- 
tralized circuit. Fig. 10 is the circuit being used at this 
Laboratory for making this functional measurement. 
Included are means for matching and tuning both in- 
put and output circuits, and for adjusting for optimum 
neutralization. Reverse power gain from output to 
input is usually between —50 and —60 db. The input 
and output are tuned and matched to give maximum 
output for fixed input power. The functional measure- 
ment not only yields information at the desired fre- 
quency, but also indicates what could be expected at 
least an octave above and below if the rate of fall-off 
of power gain with frequency is known. This may be 
6 db/octave, or may vary with the particular design 
examined. 

Another functional measurement of interest to 
users may be the performance of the device as a 
power oscillator in the vhf and uhf region. Fig. 11 is 
the common-base circuit used for evaluating tran- 
sistors as power oscillators in the 70-400 mc/sec range. 
Provision is made for tuning the input and output of 
the transistor. Provision is not made, however, for ex- 
ternal feedback elements since it has been found un- 
necessary in most cases. Power is measured with a 
bolometer, and d-c biases are monitored during the 
course of the measurement. This circuit has been 
found quite useful in examining the variation of oscil- 
lator efficiency with frequency. 

Finally, the last functional test to be described is 
that used in measuring the performance of a transistor 
as a Class C tuned power amplifier. With the increas- 
ing strides made in fabricating transistors with high 
fma2 frequencies and good thermal handling capabili- 
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MATCHING 
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Fig. 12—Circuit for measuring large signal, common 
emitter, class C power amplifier performance from 70 to 
200 mc (100 mw to 10 watts). 


ties, consideration has been given to using them as 
power amplifiers in the vhf range. Of importance then 
to the user is the power gain and efficiency he can 
obtain utilizing transistors as power amplifiers. Fig. 12 
is a circuit used for evaluating transistors as tuned 
power amplifiers. 

Up to this point in the article we have not discussed 
transistor noise figures and purposely so. Only a few 
short comments concerning the noise figure problem 
are deemed necessary. It is necessary to determine the 
transistor noise figure not only at a low frequency 
where the 1/f noise may predominate but actually at 
higher frequencies where the device is intended for 
application. Ideally a curve of the variation of noise 
figure, with frequency and bias point, should be pre- 
sented. 


Transistor Reliability Testing 


Our discussion of transistor reliability testing in 
this article does not concern itself with the associated 
statistics. We will, however, discuss the problems as- 
sociated with arriving at a meaningful life test. 

Generally there are two methods of determining 
how well transistors sustain operation under condi- 
tions differing from the normal room temperature 
aging. These are commonly referred to as “storage” 
and “operating” life testing. Both the “storage” and 
“operating” life tests are conducted for a 1000 hour 
period with allowable limits of change specified for 
the device. 

Current practices require that the “storage” life test 
be run on germanium devices at +85°C or +100° C. 
For silicon devices, the temperature range is usually 
+150°C to +200°C. This type of test is straightfor- 
ward, and does not require an unusual amount of ap- 
paratus. During the course of this test certain key pa- 
rameters are measured. These are usually collector 
cut-off current, emitter cut-off current, and current 
gain. 

“Operating” life tests may have many forms. The 
most common is the d-c operating life test run at a 
particular bias on a continuous basis. Another type 
of test similar to the one just described is the inter- 
mittent type test where d-c bias is applied for a speci- 
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Fig. 13—Circuit for measuring operational life-testing. 


fied time, for example 50 minutes out of each hour. 
In addition more complicated life tests can be run 
such as switching tests where the transistor is peri- 
odically switched from a high voltage low current 
condition to a high current low voltage condition. 
Finally, functional life tests can be run wherein the 
transistor is placed in a circuit simulating operating 
conditions. 

The question that arises with operating life tests is 
which test most accurately simulates circuit operation. 
For example suppose an r-f transistor is designed to 
operate at an optimum performance level when biased 
at 10v and 2 ma. The power handling capability of 
the device is 100 mw at 25°C. Are we justified in run- 
ning a life test at 10v and 10 ma or 5v and 20 ma or 
combinations multiplying out to 100 mw? In writing 
a specification for general usage, it is difficult to choose 
a suitable life test and a life test ambient condition 
which is representative of general applications. Fur- 
thermore what does this life test under the most strin- 
gent conditions tell the circuit designer when he is 
considering operating his device below the extreme? 

The problems that have been raised in the previous 


paragraphs have not been solved. What must be done 
to solve them, however, is to determine the factors 
governing the life of transistors. Is it junction temper- 
ature, collector voltage, or a combination of these fac- 
tors? Is a storage life test the best, simplest, and ade- 
quate to run? What is the failure rate of transistors as 
a function of temperature? These questions must be 
answered before one is able to choose the most suit- 
able life test. 

Before leaving the subject of life testing some subtle 
remarks are in order concerning the circuitry used 
in life testing vhf and uhf transistors. The problem 
that is often overlooked in life testing is the parasitic 
oscillations that may occur in the life testing of these 
devices. These devices may oscillate either at low or 
high frequencies depending on the conditions external 
to the device such as wiring. Therefore, the circuit of 
Fig. 13 should be used when higher frequency devices 
are being operationally life tested. 


Conclusions 


An attempt has been made to set down the present 
measurement techniques used to evaluate transistor 
parameters and in addition to discuss some of the prob- 
lem areas. It is hoped that the circuit designer will 
get a better appreciation for the problem that the de- 
vice specifier has in measuring and rating his product. 
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Errata 


The following corrections to the article “14 Inch Direct View Transistorized 
Television Receiver” which appeared in the Dec. 1959 issue, are to be noted. 


In the “Video Driver” discussion on page 25, there are two references to a 
4.7K resistor. In each case the value should be 3.3K instead of 4.7K. 


In Fig. 12 on page 28, the cathode of the 1N152 damper diode should be con- 
nected to +12 volts and not to ground as shown. 
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Multiple-Interval Timers Using 
Gated Staircase Counters 


T. R. HOFFMAN* 


Staircase counters using single crystal barium titanate capacitors were described in an 
article which appeared in the November 1959 issue of Semiconductor Products. Such 
counters can be gated on or off by means of switching transistors, hence two or more 
counters can be used to time two or more independent intervals sequentially. The gating 
sequence is controlled by a combination of flip-flops and simple logic circuits. An analog- 
to-digital converter using the gated counter principle is discussed briefly. 


STAIRCASE COUNTER is a circuit in which 
A the voltage across a linear capacitor C (Refer to 

Fig. 1.) is increased in steps until a critical level 
is reached, at which point C is discharged, thereby 
resetting the counter. The step-charging process then 
repeats itself. The “count ratio” of such a circuit is 
defined as the number of steps required to reach the 
critical level. Stated another way, it is the number of 
input events required to produce a single output. If 
the input is periodic, it is simply the frequency divi- 
sion ratio. 

Counters of the staircase type that utilize single- 
crystal barium titanate capacitors to “meter” the 
charge increments to C were previously described in 
detail.) Fig. 1 shows the circuit diagram. The single- 
crystal capacitor SC has the charge versus voltage 
characteristic (or “hysteresigram”) of Fig. 2. 

Whenever the input goes positive, SC is switched 
from B to A on the hysteresigram, and an amount of 
charge 2Q, is “dumped” into linear capacitor C via 
diode D,. When the input next goes negative, SC is 
reset to B via diode D, without affecting the charge 
and hence voltage, on C. Subsequent positive input 
excursions will each add a voltage step 2Q;/C to C 
until the critical level of the discharge device is 
reached. Fig. 3 shows the waveforms for a count ratio 
of 4, assuming sinusoidal input. The discharge device 
is a silicon unijunction transistor. Each time it con- 
ducts a negative voltage spike is generated at base B2 
as shown. 

In this article a method for independently timing 
two sequential intervals with counters of this type is 
presented. This method then is extrapolated to include 
the possibility of timing any number of sequential 
intervals. An analog-to-digital converter using the 
same principle also is described. 


*Engineering Consultant, Advance Equipment Engineering, 
Armament and Control Section, Light Military Electronics 
Department, General Electric Company, Schenectady, New 
York. 
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Gating The Staircase Counter 


The circuits to be considered in the ensuing para- 
graphs extend the versatility of the basic counter by 
the inclusion of a gating feature. That is, they can be 
prevented from counting even though the input is still 


Fig. 1—Staircase counter. 


Fig, 2—Charge versus voltage for single-crystal capacitor. 
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Fig. 3—Staircase counter waveforms. 
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Fig. 5—Two-interval timer block diagram. 
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Fig. 6—Two-interval timer waveforms. 


o+30V 


m COUNTER | | n COUNTER 


Fig. 7—Two-interval timer schematics. 


applied. Fig. 4 shows the means for doing this. N-P-N 
gating transistor T3 is connected directly across the 
capacitor on which the charge increments normally 
accumulate. If T3 is turned off by means of a negative 
voltage at point X, it is essentially an open circuit, and 
counting continues as in Fig. 1. If, however, T3 is 
turned on by supplying a positive voltage at X, C is 
shunted by a very low resistance so that charge can- 
not accumulate on it. Approximately, then, T3 oper- 
ates as a switch. When closed, it shorts C out, but 
when open it allows normal counting. The detailed 
behavior of transistors as switches has been covered 
by Ebers and Moll.‘?) Suffice it to say here, that tran- 
sistors designed specifically for switching applications 
(such as the 2N634) perform satisfactorily in this re- 
spect. 


A Two-Internal Timer Using Gated Counters — 


To time two intervals independently, two of the 
basic counters were used. Each was equipped with a 
gating transistor, as described previously under “Gat- 
ing the Staircase Counter.” The gates were controlled 
by a bistable transistor pair (or “flip-flop”) connected 
in such a way that one, but not both, of the gates was 
always open. 

' The block diagram is shown in Fig. 5. The two 
counters employ the circuit of Fig. 1, using 2N490 
unijunction transistors as the discharge device. FF 
denotes the bistable flip-flop. A negative trigger at “X” 
will produce a positive output level at “1” and a nega- 
tive output level at “0”, whereas a negative trigger at 
“Y” will have the opposite effect. Each gate is so ar- 
ranged that when its input is positive it “inhibits” 
(i.e., prevents operation of) its counter. 

The sequence of events can best be illustrated by 
the series of waveforms shown in Fig. 6. The m 
counter is enabled first and counts a number of input 
cycles dictated by the value of its linear capacitor. 
When the m unijunction transistor “fires”, a negative 
pulse appears at its base 2 terminal. This pulse sets 
FF so that “1” is positive and “0” negative, as previ- 
ously mentioned. The positive level at “1” closes the 
m gate, thereby disabling the m counter. The negative 
level at “0” simultaneously enables the n counter, 
which therefore counts a number of input cycles dic- 
tated by its linear capacitor. At the end of the n count 
conduction of the n unijunction transistor reverses the 
FF levels, enabling the m and disabling the n counter. 
The sequence just described repeats until manually 
turned off. 

Fig. 7 shows the complete schematic diagram. The 
transistor flip-flop uses 2N634 n-p-n germanium tran- 
sistors. Triggering is effected by applying a negative 
pulse to the conducting base via a silicon diode (D, 
or D2). The gating functions are performed by 2N634 
transistors T; and T, shunting the counter linear ca- 
pacitors C, and Cy. When the gate transistor is “on” 
(i. e., a closed switch) the linear capacitor is effec- 
tively shorted out; hence, no charge can build up on 
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it. When the transistor is “off” (i.e., an open switch), 
the linear capacitor is shunted only by the very high 
“off” resistance of the transistor and normal counting 
takes place. 

Independent variation of C; and C. can vary the 
duration of the two intervals as desired. Fig. 6 shows 
the case where the m count is 4 cycles and the n 
count 6 cycles. Each count can be varied from small 
integers to 100 or more by varying C—the range is 
that of a single counter. There is no interaction. 


Extension Of The Principle To Any Number Of 
Independent Intervals 


To extend the principle of a two-interval timer 
using gated counters to any number of independent 
intervals, it is necessary to use one gated counter per 
interval and to provide a gate control having a num- 
ber of states equal to the desired number of intervals. 
For example, two flip-flops together comprise a 4-state 
system (i. e-—both “0,” both “1,” and two possibilities 
for one “1,” one “0”). Simple logic circuits can then 
be used to sense the state of the flip-flops and enable 
the appropriate counter. Fig. 8 shows a block diagram 
of a system for controlling four independent sequen- 
tial intervals. 

Every negative trigger to FF; from any one of the 
counters will flip B from one of its states to the other. 
FF, is connected to FF in such a way that it will be 
flipped from one of its states to the other only when 
FF, goes from “1” to “0.” (This is a common intercon- 
nection for flip-flop counter chains. The state of the 
flip-flops at any instant indicates in binary form the 
number of triggers received since the last time they 
were both “0.”) 

Each of the four possible states of FF, and FF, 
(considered together) will enable one, and only one, 
of the counters. The table below shows the corre- 
spondence: 


Counter 
FF, FF, Enabled 
0 0 m 
0 i n 
1 0 p 
1 1 q 


The counters will thus count in sequence—with the 
count ratio of each determined by its linear capacitor 
C (or by its unijunction transistor Ey», if desired). The 
firing of any one of the unijunction transistors will 
send a negative trigger to FF, which will advance 
the FF, — FF, combination to its next state. Fig. 9 
shows a sequence in which m, n, p and q have count 
ratios of 3, 5, 7 and 9, respectively. 


An Analog-To-Digital Converter 


A voltage-input analog-to-digital converter must 
perform the function indicated in Fig. 10. One ap- 
proach is to cause the analog voltage to gate a num- 
ber of constant-amplitude uniformly spaced “clock” 
pulses directly proportional to itself. Fig. 11 shows 
the gated pulses for two values of analog voltage. The 
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Fig. 8—Four interval timers. 


Fig. 9—Four-interval timer waveforms. 
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Fig. 10—Analog-to-digital conversion. 
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Fig. 11—Gated pulse trains. 


number of pulses is a measure of the quantity to be 
converted. These pulse trains, fed into a flip-flop reg- 
ister previously reset to 0, will set the register to the 
appropriate digital number. 

A gated counter of the type discussed previously 
can be used to control the register in the manner 
described. Fig. 12 shows the block diagram. The ana- 
log voltage serves as the E,, of the counter unijunc- 
tion transistor; hence, the count ratio is directly pro- 
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portional to the analog level. When the unijunction 
transistor conducts and discharges the counter linear 
capacitor, FF, flips and disables the counter until the 
next pulse at the terminal marked “start.” The stair- 
case waveform generated by the counter will appear 
as in Fig. 6. Differentiation of this waveform (with 
diode suppression of the negative peak) will produce 
a string of positive spikes to set the register. 

If the conversion is to be made repeatedly (as would 
normally be the case), FF; could bea one-shot multi- 
vibrator that gates the counter off for a specified inter- 
val to allow for register read-out, then resets the reg- 
ister for the next count. 

One possible inconvenience lies in the fact that Ey, 
must be positive at all times for correct operation of 
the counter. If the analog voltage inherently can have 
either polarity, it would be necessary to add a con- 
stant d-c bias to keep the net unijunction transistor 
base 2 voltage always positive. 


PARALLEL 


INPUT("CLOCK") DIGITAL OUTPUT 


COUNTER 


ANALOG 
VOLTAGE 
(Ebb) 


TRIGGER PULSES 
ENE NE Na NS 


FLIP-FLOP 
REGISTER 


BASE 2 
(TRIGGER AT END 
OF COUNT) 


RESET 
TO O 


START 
PULSE 


Fig. 12—Converter block diagram. 


An advantage occasioned by the use of the single- 
crystal capacitor counter is that the “clock” can be a 
sine wave, rather than pulses as shown. 
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An example of harmonic commutation’ is shown in 
Fig. 7A. This method of commutation operates over 
the full 360 degree in Fig. 4A and reduces the amount 
of condenser kva (which is also at higher frequency) 


A-C 
OUTPUT 


DOO 


-C 
i | 
Fig. 7—(A) Circuit using harmonic commutation mode of 


operation. (B) Circuit using phase commutation mode of 
operation. 


(B) 


required in a given circuit to get a given commutating 
angle. The inductance in series with the capacitor 
causes the wave shape during commutation to be less 
acute. 

Fig. 8 shows the voltage waves for phases “A” and 
“B” with a 25 percent third harmonic superimposed. 
At the instant t;, the voltage e; is greater than es and 
therefore commutation can be effected even when the 
current wave lags the voltage. Therefore, by distort- 
ing the voltage wave by a superimposed harmonic, 
the instantaneous value of the difference of phase 
voltages may be such as to produce the proper com- 
mutation, even in the lagging quadrant. This method 
of producing commutation has been called harmonic 
commutation because it employs some harmonic of 
the fundamental voltage to force the commutation. 


ty 


En | Ep 


Fig. 8—Harmonic commutation. - 
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Such commutation seems to be quite closely analogous 
to interpole commutation in direct-current machines. 

There are two general methods in which harmonic 
commutation can be applied: 

1. By introducing the harmonic voltage into the 

circuit through the main transformers. 

2. By employing a separate harmonic or commu- 

tating transformer. 

Harmonic commutation becomes more favorable 
with an increase in the number of phases. If it is as- 
sumed that the rating of a given piece of equipment 
may be increased proportionately with the frequency, 
then the cost of harmonic commutation will vary more 
rapidly than inversely as the square of the number of 
phases. With six phases and unity power-factor, har- 
monic commutation will require the equivalent of 
about 20 percent additional equipment. However, with 
12 phases this has been reduced to about 3 percent. 

Harmonic commutation using a single-phase in- 
verter to produce the commutating voltage has the 
following advantages: 

1. There is no increased voltage impressed upon 

the continuous-current choke. 

2. The commutating time may be made as long as 

the conducting period. 

3. There is no danger of insufficient commutating 

voltage at light loads. 

Often the application requirement calls for a fixed 
change in frequency which can be accomplished with 
a frequency changer. Circuits to be discussed in this 
category change frequency directly and do not first re- 
quire rectification to produce d-c. Also the problems 
associated with load transients and power factor 
changes are reduced as compared to parallel and 
series commutated inverters. A multiplier circuit is 
shown in Fig. 9A. This circuit uses the high ripple of 
a phase controlled rectifier (phase commutation) as 
a usable output with the output d-c approaching zero. 
These approaches penalize the input a-c power factor 
wise in producing the a-c harmonic directly. Of 
course, other harmonics can be obtained with other 
circuits and device connections. 

The circuit of Fig. 9B is an example of one of many 
divider or frequency commutated circuits. The output 
is composed of a number of fundamental pulses de- 
termined by the control circuit. The power factor of 
the circuit is fairly good and inductive load can be 
handled fairly well. Reactive loads will smooth the 
output resulting in good wave shape. Several motor 
applications have been made using similar approaches. 
In one of these, a synchronous machine is started by 
frequency commutation at low speed or standstill. As 
the speed increases the counter emf of the machine 
will allow phase commutation. 

Several abnormal commutation conditions have pro- 
duced some interesting circuit approaches including 
some degree of correction for fault conditions, changes 
in deionization time, failure to fire, arc-backs, etc. As 
an example, if loss of grid control occurs in one of the 
devices, it is possible to limit the disturbance since 
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Fig. 9—(A) Frequency multiplier circuit. (B) Circuit 
using frequency commutation mode of operation. 


each device is a rectifier as well as an inverter and 
the rectifier function attempts to commutate the fault 
current out of the device where the fault occurred. 
The circuit will continue with reduced power whereas 
the simple inverter becomes inoperative if a single 
device fails to function. Faults which clear themselves 
are characteristic of circuits using several rectifiers 
and inverter circuits in series. Several series capacitor 
commutated circuits have been developed for high fre- 
quency which can allow relatively large portions of 
an output cycle for deionization. This is obtained with 
poor utilization of equipment and in some cases with 
some loss in efficiency. 


Transistor Techniques 


Since in many applications, transistors and tubes 
are analogous, it follows that many of the conven- 
tional linear amplifier circuits may be utilized, such 
as the Colpitts oscillator as an example. These ap- 
proaches usually are not very efficient, but may pro- 
duce sinusoidal outputs. 

There are a number of modes of operation which 
have been attempted paralleling to some extent vac- 
uum tube techniques. A good example of this is Class 
A, AB or B linear operation, which utilizes push-pull 
power transistors in conjunction with linear feedback 
to compensate for voltage changes and harmonics. The 
efficiency of Class A operation is theoretically 50%, 
while for B, it is 78% and for switching Class D, it 
approaches 100%. Power conversion efficiency of 
motor generator sets is in the order of 80%. The 
amount of power obtainable from the transistor is 
also a function of the mode of operation. Pulse width 
modulation is a technique wherein square waves are 
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Fig. 10—(A) Saturating current transformer transistor switch inverter. (B) Same as 
(A) with magnetic amplifier preamplifier. (C) Saturating voltage transformer tran- 
sistor switch inverter. (D) Transistor switch bridge inverter. 


produced at frequencies higher than the desired out- 
put, thereby reducing filter requirements. 

The switching or Class D mode of operation has re- 
ceived much attention. The transistors are operated 
as switches with resulting high efficiency. In this 
mode, the power handling capabilities are increased 
from 4 to 10 times over the proportional mode of op- 
eration. These units utilize the switching characteris- 
tics of the transistor by either allowing the transistor 
to be in the open condition characterized by very low 
leakage current, or in the completely saturated con- 
dition, characterized by very low forward resistance 
as shown in Fig. 3. There is, of course, a finite amount 
of power dissipated in the transistor during the in- 
terval when it is traversing the proportional region, 
as well as at the end points. This means that the fre- 
quency of the inverter will affect the efficiency of 
operation and determine the point at which de-rating 
will begin to be necessary to result in safe operation. 
Typically, the larger the power transistor becomes, 
the lower will be the usable frequency. At present, 
power transistors are limited to a lower frequency 
than the multijunction switching devices, such as the 
silicon controlled rectifier. 

The circuits shown in Figs. 10A and 10B are ex- 
amples of single transistor inverters incorporating a 
saturable magnetic component!’. Properly designed 
circuits operate at efficiencies comparable to more 
complex transistor approaches. The operation is such 
that the ratio of conducting time to off time may be 
varied in response to a controlling signal or fixed at 
any value by initial design. In this circuit the saturable 
current transformer carries full load current but not 
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necessarily full load power. In some other circuit ap-_ 
proaches wherein a saturating voltage transformer 
is used, it must be designed to carry full load power 
unless a preamplifier stage is used. 

The time the transistor is turned on remains con- 
stant as long as the saturable current transformer 
core maintains the full excursion from positive to 
negative saturation. When the transistor is conducting, 
the saturable transformer operates as a normal cur- 
rent transformer wherein the power is supplied by 
the primary current and the secondary voltage is set 
by the secondary current and resistance. The tran- 
sistor conduction time is determined by the secondary 
turns and the flux excursion. For a fixed supply, load, 
and transformer, the on time remains constant. The 
average load current which is a measure of the con- 
duction period to off periods is a function of the d-c 
control signal. This control signal may be varied in 
response to an impedance change, voltage change or 
by the addition of a magnetic amplifier. Notice that in 
Fig. 10B, the gate voltage is derived directly from the 
pulsing present in the saturating transformer. Since 
the preamplifier is operated in the high impedance 
mode, the response is essentially half cycle. 

The circuit of Fig. 10C uses two transistors in the 
switching mode and a saturating output transformer.! 
This particular configuration is one of many which 
have been developed in the past five years. The output 
of transistor saturating core inverters is basically 
square wave which is ideal for power supply use. If 
the frequency is relatively high, the unfiltered output 
ripple content can be as low as 2%. The output regu- 
lation will, of course, depend on the design. Typical 
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figures for an unregulated inverter are 6 to 12% while 
0.1% accuracy can be achieved with properly designed 
regulating circuits. There is no restriction on the 
output voltage obtainable since this is merely a func- 
tion of the turns ratio. The input voltage can be any 
value consistent with the voltage rating of the tran- 
_sistor and the circuit. The forward drop of the tran- 
sistor, plus other circuit voltage drops will set the 
minimum input level. 

Theoretically for a balanced circuit, starting is 
impossible since both transistors will pass identical 
currents and there will be no net magnetomotive 
force in a given direction on the core. However, since 
the probability of having identical parameters is 
slight, the device begins to oscillate on these irregu- 
larities. The flux built up in the core will be in the 
direction of the dissymmetry in the circuit. Thus, 
voltages are induced in the base windings such that 
the impedance of one is greatly reduced, while the 
other is increased being reverse biased. During the 
time the flux is traversing the side of the loop, load 
is being transformed. The voltage is ideally constant 
for constant input. When the core saturates, several 
effects take place simultaneously. Basically the in- 
duced base voltages collapse, thus leaving the tran- 
sistor in a state of high impedance. Hence, the current 
in the transformer decreases causing a reversal of flux 
and necessarily opposite polarity of induced voltage. 
Therefore, the transistors are switched and the core 
drives towards negative saturation. Notice that the 
necessary “commutation” has taken place, being in- 
herent in the circuit and not dependent on external 
circuit components. In a sense the commutation is 
volt-second sensitive, since it depends on core satura- 
tion. The voltage of interest is that which is flux 
producing and, therefore, is subject to IR drops and 
regulation. Commutation still results for load changes, 
transient disturbances, etc., but the frequency of 
oscillation will be changed as a result of reflected 
load changes. 

In an improperly designed or uncompensated cir- 
cuit approach, difficulty may be encountered during 
starting, even with a resistance load. This is particu- 
larly true in the case of square loop core materials 
where high residual flux levels can result after re- 
moval of power. Silicon iron with lower ratios of 
residual to maximum partly offset this problem. A 
number of designs have emerged which insure surety 
of starting under all conditions. 

The basic circuit is not necessarily symmetrical 
since it may be desirable to have non-symmetrical 
half cycles which may readily be achieved with dif- 
ferences in turns. Likewise, both transistors need not 
be the same since one can serve the function of de- 
livering power while a smaller unit may solely supply 
the reset requirements of the core. Under such condi- 
tions the reset time is a design parameter as well. In 
this circuit the minimum reverse voltage rating ap- 
proaches twice the supply, while the exact ratio de- 
pends on turns ratio and half-cycle ratios. Likewise, 
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additional control features can be incorporated by 
proper circuit design, such as regulation. In a sense, 
such circuits constitute the most general and all in- 
clusive approach. The termination of each half cycle 
is determined by the saturation of the transformer, 
while the point in the half cycle at which output oc- 
curs depends on the driving signal supplied externally. 
Common emitter, common collector, and common base 
connections all have certain areas of application. Also 
individual or multichannel control of each transistor 
is possible. 

The bridge circuit of Fig. 10D offers better utiliza- 
tion of the transistors since the maximum transistor 
peak inverse voltage is the supply voltage. In addi- 
tion, the transformer is utilized to better advantage 
in this circuit and transistor failure resulting from 
transient voltage spikes associated with saturating 
transformer approaches are eliminated. Modifications 
of this circuit include transformer simplification 
through use of n-p-n and p-n-p transistors and self 
excitation. 


Conclusions 


A number of inverter concepts have been presented. 
The choice will depend on the application require- 
ment, such as efficiency, size, weight, load require- 
ments, etc. In general, the higher power applications 
where good efficiency is desired will favor the use of 
the solid state thyratron approaches whereas for 
lower power units (up to a few KW) and certain 
transient or infrequent methods of operation, the 
transistor approaches will be quite useful. In the lat- 
ter case where the circuit is opened, energy loss may 
take place with the magnitude dependent upon the 
kva of the load. In the case of d-c to d-c conversion, 
this problem is minimized whereas for motor loads as 
an example, it may be more severe. 

While it has not been specifically mentioned, the 
conduction angle of the current through the switching 
device is important. Circuit selection on the basis of 
optimum device utilization (both from a current and 
voltage standpoint) is important. 

A number of references are included as a matter of 
interest. It should be pointed out that no attempt has 
been made to make this listing complete. The list of 
solid state inverter related patents is very indicative 
of the tremendous activity in this field and will be of 
considerable interest. All the patents involve transis- 
tor type switches. There are hundreds of patents both 
issued and expired concerning thyratron type circuits. 
These will be helpful in providing a base for further 
work. The degree of success which is likely to be 
achieved in devising new power inverter units using 
thyratron like solid state devices remains to be seen 
in view of the prior art. 
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APPLICATIONS ENGINEERING DIGEST NO. 33 


How to Simplify Power Supplies, 
Referencing, and Instrumentation with 
Zener Diodes; International Rectifier 
Corp., El Segundo, California. (Oliver 
Allen) 

Silicon Zener diodes have become 
such tremendously useful design tools 
in so short a time that few design engi- 
neers are acquainted with the countless 
possible applications of these new 
components. 

By temperature controlling the Zener 
diode, it may be used as a precision 
reference element, or by temperature 
compensation and selection of tempera- 
ture coefficients, stable reference volt- 
ages can be produced over wide tem- 
perature ranges. 

They can also be used as clippers 
with an alternating current supply to 
produce square waves, or for voltage 
limiting, both a-c and d-c, as well as 
for wave shaping in voltage divid- 
ing circuits; e.g.-rms, log conversions, 
square law conversions, etc. 

Zeners are capable of producing con- 
trolled bias voltages, such as needed 
in thyratron cathode biasing, and for 
holding a fixed bias in high fidelity 
audio equipment. 

Coupling and de-coupling. in d-c 
amplifiers, both vacuum tube and tran- 
sistor, may be accomplished with Zener 
diodes. 
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Fig. 33.1—Voltage controlled supply. 


Voltage Limiting in DC Power Supply 


Simultaneous voltage regulation and 
d-c rectification is achieved in the 
power supply circuit shown in Fig. 33.1. 
Here, Zener diodes provide voltage 
limiting or low order regulation in a 
d-c power supply. The Zener diodes 
are selected to act as clippers in con- 
nection with R, thus limiting the voltage 
to which capacitor C is charged. This 
provides control of a larger amount of 
power than is ordinarily handled by 
Zener diodes of this rating. At the 
same time, the diodes act as rectifiers 
in this circuit. This arrangement may 
be applied to a wide range of power 


supply requirements where extreme 
regulation is not a design necessity. 


Low Ripple DC Regulated Filament 
Supply 


Zener diodes in combination with a 
power transistor will provide the low 
ripple d-c regulated filament supply. 
shown in Fig. 33.2. This extremely stable 
supply offers good regulation to both 
line and load variations for a wide 
variety of audio and instrumentation 
applications. This combination of com- 
ponents provides regulation and filter- 
ing that is ordinarily difficult to 
accomplish at low voltages and high 
currents. 


Expanded Scale Instrumentation 


The circuit in Fig. 33.3 shows the use 
of Zener diodes in expanded scale 
instrumentation, where a compressed 
lower scale and expanded upper scale 
is achieved, both of which may be cali- 
brated. The relative areas and sensi- 
tivities of the scale will be determined — 
by the componet values selected. This 
circuit offers greater accuracy over the 
upper portion of the instrument scale, 
while still allowing rough measure- 
ments to be made in the lower scale 
range. 


[Circle 198 on Reader Service Card] 
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Fig. 33.2—Low ripple d-c regulated filament supply. 
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Fig. 33.3—Upper scale expansion. 


APPLICATIONS ENGINEERING DIGEST NO. 34 


Multivibrator Circuits; Shockley Tran- 
sistor Corp., Palo Alto, California. 


Circuit Operation 


Astable Multivibrator Circuit (Fig. 34.1) 

In the astable, or free-running multi- 
vibrator circuit, the two legs of the 
circuit are arranged so that power is 
automatically transferred from one leg 
to the other without the need of an 
external trigger. This transfer is accom- 
plished by setting the supply voltage 
at a level greater than the switching 
voltage of the four-layer diodes 4D1 
and 4D2. 


96 


Assume that diode 4D1 has just 
turned on, point “A” will be at approxi- 
mately ground potential as long as the 
current passed by resistance RI is 
greater than the holding current of 
4D1. As the commutating capacitor C1 
charges through resistor R2, the voltage 
at point “B” increases until it reaches 
the switching voltage of diode 4D2. 
When this occurs, 4D2 switches on, and 
point “B” is brought suddenly down 
to ground potential. At the instant of 
switching, there is a negative to posi- 
tive potential across capacitor C be- 
tween points “A” and “B”. Therefore, 


4D, @ 


Fig. 34.1—Astable (free-running) multi- 
vibrator circuit. 
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as point “B” is pulled down to ground 
potential, point “A” is driven to a 
negative potential before Cl has a 
chance to discharge. This reverse bias 
turns diode 4D1 off, and 4D2 now 
carries the load current through R2. 
Capacitor Cl then charges in the 
opposite direction through resistor R1 
until point “A” reaches the switching 
voltage of diode 4D1. As this occurs, 
diode 4D1 switches on, the voltage 
across C1 turns diode 4D2 off, and load 
current once more flows through resis- 
tor Rl. 

The operating frequency is deter- 
mined by the time constants R1-C1 and 
R2-C1, and by the ratio of the supply 
voltage to the switching voltage (Vs) 
of the four-layer diodes 4D1 and 4D2. 
The circuit can be made symmetrical, 
but can also be made to stay longer 
on one side than the other by making 
the time constants R1-Cl and R2-C1 
unequal, or by using four-layer diodes 
whose switching voltages are unequal. 


Monostable Multivibrator Circuit (Fig. 
34.2) 


In the monostable or one-shot con- 


figuration, the circuit is arranged so 
that one leg is normally on, the other 
normally off. This is accomplished by 
choosing 4D1 to have a switching volt- 
age less than the supply voltage, and 
4D2 to have a switching voltage greater 
than the supply voltage. 

A negative-going trigger pulse in- 
jected via capacitor C2 switches 4D2 
on, which in turn switches 4D1 off 
through the coupling action of Cl. If 
R2 passes current to 4D2 greater than 
its holding current, 4D2 will remain on 
until capacitor Cl has been charged 
through resistor RI up to the switching 
potential of 4D1, at which time the 
circuit reverts to its initial stable condi- 
tion with 4D1 on. In this operating 
mode, the time constant R1-C1, and the 
ratio between supply and the switch- 
ing voltage of 4D1 determine the dura- 
tion of the period during which leg 
“B” will stay on. The trigger input 
can be randomly spaced, but the maxi- 
mum operating frequency will be 
limited by the “on” period for leg “B”. 

A second operating mode may be 
employed, in which R2 is made large 
enough that it does not pass holding 
current for diode 4D2. A trigger pulse 


[Circle 199 on Reader Service Card] 
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Fig. 34.2—Monostable (one-shot) multi- 
vibrator circuit. 


inserted via C2 then produces a pulse 
in circuit “B” of very short duration, 
following which the circuit reverts to 
its original condition with leg “A” 
conducting. Care must be taken to 
select the right values for R1, Cl, and 
the holding currents of 4D1 and 4D2. 


APPLICATIONS ENGINEERING DIGEST NO. 35 


Switching Circuits — Recovery Time 
Measurements; Hoffman Electronics 
Corp., Evanston, Ill. (W. MacDonald) 


A semiconductor diode, when 
switched from forward current con- 
duction to a reverse bias condition, will, 
for a short time, allow passage of an 
appreciable amount of current in the 
reverse direction. This effect is caused 
by the phenomenon of “charge storage,” 
or, more specifically, “minority carrier 
storage.” 

The initial low reverse impedance 
that occurs during reverse switching is 
of serious concern to the design engi- 
neer, and a number of test circuits have 
been proposed to aid the designer in 
predicting the probable performance of 
a particular diode in a given switching 
circuit. A number of these circuits are 
illustrated on these pages. 

Figure 35.1 is a simplified schematic 
of one of the earliest standard test cir- 
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Fig. 35.2—E.1.A. proposed standard circuit. 
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Fig. 35.1—JAN-256 test circuit. 


cuits, the JAN-256. In this circuit, for- 
ward bias is supplied by the +150v 
plate supply, the diode is switched off 
by the external square-wave generator, 
and the time required for the initial 
diode reverse current to decay to the 
specified value is measured by observ- 
ing the voltage drop across Ry. Since it 
is usually necessary to measure the 
time required for the diode to reach a 
high reverse impedance (small reverse 
current), it is necessary that Ry be rel- 
atively large. In order to allow reason- 


+150V 
0 REG. 


220n° 


OUTPUT TO 
OSCILLOSCOPE 


SEMICONDUCTOR PRODUCTS @ APRIL 1960 


able supply voltages, and to prevent 
overdriving the oscilloscope input stages 
during the forward current pulse, a 
“reference diode” is placed across Ry, 
to clamp the drop across R; to a low 
value. 

Since the JAN-256 circuit uses a 
semiconductor clamp, there is some 
question as to the accuracy of this cir- 
cuit. An alternative circuit is that de- 
scribed in EIA SP590 as Method ] 


(Continued on page 72) 
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Fig. 35.3—Modified Bureau of Standards circuit. 
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CONDENSED SUMMARY 


Description of a transistor that operates at 10 mc with 
a power output of 5 watts. 


Discussion of negative-resistance parametric _ amplifier, 
variable-capacitance effect in semiconductor diodes, and 
the up-conversion amplifier. 


Description of measuring techniques; chart provided to 
Lg select the best type of instrument for a given appli- 
cation. 


The accuracy of a potentiometric depends on its reference 
voltage. Zener diodes provide a useful alternative to the 
standard cell. 


Basic principles of paramagnetic maser amplifiers and 
paramagnetic mavar amplifiers, with brief introduction 
to the tunnel-diode amplifier. 


Basic circuit modules, such as flip-flops, are combined into 
building blocks, which in turn are combined to make 
up a system. 


Design procedure, unilateralization ie mismatching, per- 
mits direct determination of stability and performance 
from mfr’s data sheets. 


By adding a constant-potential device to transistor ampli- 
fier bias networks, excellent stability is obtained without 
sacrifice in gain. 


Design formulae are derived in terms of operating param- 
eters of a system using a transistor square wave oscillator 
controlled by a saturating transformer. 


Charts are described whereby the inference of the values 
of the r-parameters of a transistor from its measured 
grounded-base h-parameters is simplified. 5 


An_ electrical signal proportional to engine speed is 
utilized in a diode pump frequency-measuring circuit 
calibrated directly in terms of engine speed. 


A simple and inexpensive instrument is described for the 
rere erent of the more useful parameters, Ico, 8, hu’, 
an a. 


Discussion of scale-of-two circuit coupled to another by a 
gate circuit. : 


Waveform solutions are obtained for a group of simpls 
cine to which rectangular or triangular waveforms are 
applied. 


The frequency divider includes a ‘Staircase’ waveform 
generator designed to produce a multiple step waveform 
in which all the voltage increments are equal in amplitude. 


A theoretical investigation of the operation of the simple 
diode push-pull phase-sensitive detector with load is 
carried out. 


Three circuits are compared both theoretically and by 
measurement, and the results presented. A possible appli- 
cation of these circuits is then described. 


Complete design and circuitry for measuring reverse leak- 
age current from collector to base, and other leakage 
parameters. 


Two types of switching circuits using complementary 
n-p-n and p-n-p alloy transistors are analyzed. 


Silicon reference element and temperature compensating 
and regulating units comprise a reference pack. 


An approach to binary memory circuits utilizing a p-n- 
p-n bistable switch which permits simplified circuits. 


Design requires consideration of the normal recording 
ashe pickup characteristics, and output level require- 
ments. 


Types and materials presently available with special em- 
phasis on a wide temperature scope. 


The method presented here separates the design into a 
steady state solution and a transient solution. 


An experimental investigation was made in order to de- 
velop a test-set suitable for measurement of the complex 
parameters. 


Characteristics of p-n-p alloy junction transistor with 
common-emitter configurations have been studied when 
subjected to a magnetic field. 


Modular design using transistors of the Feramic core co- 
incident-current memory is described. 


Clear development of design; includes operation, core 
selection transformer design, transistor selection, and 
performance. 
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CONDENSED SUMMARY 


AUTHORS 


Applications of silicon diodes in a 200 KW power supply: 
discussion includes peak inverse voltage considerations 
and diode connections for proper design. 


By driving a constant current through a fixed -resistance, 
the total error voltage of a power supply can be fed into 
an error-correcting amplifier. 


Errors in test instruments that draw heavy currents from 
dry cells are reduced with transistor circuit that main- 
tains constant current. 


Results of life tests measuring forward voltage drop and 
Pah _eeene current of four rectifier types at 25° C 
an id ee 


Description of transistorized 10-channel multiplex system 
that accepts conventional as well as random pulse inputs. 


Tunneling is discussed in terms of customary quantum 
transition theory for the matrix elements of the hamil- 
tonian between the states representing reflection of an 
electron (in either band) from the junction. 


Communication describes a design approach based on 
lumped-parameter principle which is free from parasitic 
oscillations arising in low-impedance d-c source circuits. 


Measured curves of cross modulation vs collector bias 
current show a sharp. minimum; this is accounted for by 
previously neglected terms. 


Design and fabrication of diodes which may be used as 
low-noise microwave amplifiers. 


Calculation of space-charge layer width in a planar junc- 
tion made by diffusing an n- or p-type impurity into a 
uniformly doped crystal of opposite conductivity types. 


ically on the basis 
eld-effect transistor. 


The characteristics are derived anal 
of Shockley’s theory of the planar 


Results Bigeye that an atomically clean surface can be 
produced by heating to 1550°K or above for several min- 
utes in a high vacuum. 


The formation of silicone pomes directly from the 
monomers, on the surface of silicon diodes, has resulted 
in devices with low reverse currents. 


Consistency is found with the theory based on a low 
level of a) pagan a low density of recombination centers, 
and a single energy level for the recombination centers. 


Experimental results show that both electrical and metal- 
lurgical base widths are smaller than are normally sup- 
posed. 


The results are discussed in connection’ with bismuth 
telluride and other sulphides, selenides and tellurides of 
the heavy metals. 


Optimum conditions are deduced for a thermo-electric 
generator or refrigerator with n- and p-type semiconduct- 
ing branches whiche have different physical parameters. 


Electronic errors resulting from fitting a piecewise linear 
function to a smooth curve are discussed. 


The Seebeck coefficient, S, of single crystals of bismuth 
has been measured between room temperature and about 
250° C. 


With the floating-zone technique super-pure, uncompen- 
sated p-type silicon with a resistivity above 100,000 ohm/ 
em has been obtained and measured. 


The adsorption of various gases on clean germanium sur- 
faces has been investigated. 


Crystal-pulling and thermal-gradient techniques have 
been used to determine solubilities in the ranges from 
500° and 300° C respectively to the melting point of 
germanium. 


Measurements have been made of the energy distributions 
3 photoelectrons emitted by various semiconductor sur- 
aces. 


The mobility of electrons in n-Ge at an arbitrary field 
strength is calculated by assuming the distribution func- 
tion in a given mathematical form. 


This paper describes measurements of magnetoresistance 
and of the planar Hall Effect of p-type PbTe crystals. 


The overload protection circuit described can switch off 
the supply in less than 50 microseconds. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


Dendritic Growth of Germanium 
Crystals 


Depletion-Layer Photoeffects in 


Semiconductors 


High-Field Effect in Boron-Doped 
Silicon 


Energy Levels in Neutron-Irradi- 
ated n-Type Silicon 


New Parallel 


Photoelectromag- 
netic Effect 


Generation of Harmonics and 
Sub-Harmonics at Microwave Fre- 
quencies with P-N Junction Diodes 


Recombination Relaxation Effects 
in Germanium Surfaces 


Hall Coefficient and Magneto- 
resistance in Semiconducting Dia- 
mond 


The Measurement of 


J Optical 
Radiation 


The Growth of Oxide Single Crys- 
ee Containing Transition Metal 
ons 


Solid State Devices 


Principle of a Semiconductor 
Manometer in the Pressure Range 
of 1 to 10-° mm Hg 


Small, Lightweight 


Ionization 
Gauge Control Circuit 


Improved Automatic 


rove Four-Point 
Resistivity Probe 


Frequency Multiplication and 
Division By Semiconductor Diodes 


Large Signal Characteristics of 
The Silicon Unjunction Transistor 


A Production Method for Meas- 
urement of Rise, Fall, and Stor- 
age Time 


Flow Graph Analysis of Transis- 
tor Feedback Networks 


Core Memory Systems 


Analysis of Transistor-Resistor- 
Logic Circuit Propogation Delay 


Basic Theory of the Tunnel 
Diode 


Industrial Preparedness Study on 
High Voltage Silicon Rectifiers 


Solid State Chemistry 


pre becr ng Services on Transis- 
ors 


Contributions to 


Transistor-RC 
Network Synthesis 


Transistor Operational Amplifier, 
Effect of Input Impedance on 
Accuracy 


The Thermergistor: A Low Energy 
Pulse Measuring Device 
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Physical Review 
October 1, 1959 


Physical Review 


' October 1, 1959 


Physical Review 
October 15, 1959 


Physical Review 
October 15, 1959 


Physical Review 
October 15, 1959 


Proceedings IRE 
October 1959 


Proc Phys Soc (Br) 
September 1959 


Proc Phys Soc (Br) 
September 1959 


Res Appd In Ind (Br) 
Oct/Nov 1959 


Res Avpd In Ind (Br) 
Oct/Nov 1959 


Res Appd In Ind (Br) 
Oct/Nov 1959 
Rev Sc Instruments 
October 1959 


Rev Sc Instruments 
October 1959 


Rev Sc Instruments 
October 1959 


Semiconductor Prods 
October 1959 


Semiconductor Prods 
October 1959 


Semiconductor Prods 
October 1959 


Semiconductor Prods 
October 1959 


Sylvania Technologist 
October 1959 


Sylvania Technologist 


October 1959 


Sylvania Technologist 


October 1959 


US Govt Res Repts 
August 14 1959 
LC $12.30 PB136735 


US Govt Res Repts 
August 14 1959 
OTS $1.00 PB151440 


US Govt Res Repts 
August 14 1959 
LC $13.80 PB140251 


US Govt Res Repts 
August 14 1959 
LC $18.30 PB140237 


US Govt Res Repts 
August 14 1959 
LC $4.80 PB139954 


US Govt Res Repts 
August 14 1959 
OTS $0.50 PB151686 


ore A It 

trolled dentritic growth of germanium from the me 
Sella long thin strips whose principle surfaces are oD. 
tically flat crystallographic plates except for the occasiona 
presence of small steps. 


: eee 
A theory of photoconduction through the reverse-biase 
p-n sanction a semiconductors is developed. 


Simple experiments which indicate that at low tempera- 
fare eid nigh applied electric fields, several mechanisms 
may increase majority carrier current. 


Experiments provide evidence in favor of two, deep-lying 
slates in the upper part of the energy gap below the con- 
duction band edge. 


The short-circuit current is proportional to the difference 
in surface recombination velocities of a pair of parallel 
surfaces. 


The performances of a non-linear resistance and a non- 
linear capacitance in a broadband harmonic generator 
circuit are analyzed. Experimental results with a capaci- 
tance diode are given. 


The conductance of a thin single crystal slab of ger- 
manium has been modulated by a small electric field ca- 
pacitively applied to the larger face. 


Measurements on two type II-b p-type specimens ,were 
made as a function of the magnetic field between 0° and 
100°C; 


Methods used in a standardizing lab for making absolute 
measurements of radiation in the ultra-violet, visible, and 
infra-red. 


Methods are described which overcome some of the diffi- 
culties: the flame fusion process, the Bridgman Stock- 
barger, and the lead oxide solution methods. 


Survey of some devices that have been made possible, 
in particular those using indium antimonide. 


Experiments. investigating the use of semiconductors for 
low-pressure Measurements proved that thermistors give 
the best results. 


A lightweight compact thermionic ionization gauge con- 
trol is described, with emission regulation achieved by 
using a transistorized feedback amplifier. 


A continuously recording automatie four-point resistivity 
probe is described. 


Examples of harmonic generation yields obtained with 
nonlinear capacitance diodes are given to illustrate the 
superiority of these devices. 


An equivalent circuit is used to describe the important 
electrical characteristics, and to predict their variation 
with bias point and temperature. 


Measurements are obtained rapidly with relatively simple 
and inexpensive test equipment. 


The flow graph technique is used for analyzing the four 
basic transistor feedback circuits. 


Hescri pion: of general problem, followed by a presenta- 
oe of new techniques that overcome some of the diffi- 
culties. 


Description of transistor and TRL circuit studies. 


A negative-resistance region occurs in the forward char- 
acteristic. Basic principles that give rise to this negative 
resistance are briefly explained. 


A new alloying technique was devised giving improved 
yields and electrical properties. An evaluation of silicon 
suitable for high voltages has been initiated. 


About 75 research papers and corresponding publications 
on investigations into the nature of the solid state are 
reviewed; includes semiconductors generated by partial 
oxidation or reduction. 


Topics discussed are: transistor reliability, new and 
improved-type transistors, transistor test methods, and 
transistor circuit components. 


Author reports that the use of the negative impedance 
converter and of controlled sources stereotypes essen- 
tially all existing network realizations. 

The utilization of transistors in operational amplifiers ne- 
cessitates the consideration of unique amplifier properties. 


This device is constructed by noninductively winding a 
short length of resistance wire about a resistor. 


SEMICONDUCTOR PRODUCTS 


AUTHORS 


A. I. Bennett. 
R. L. Longini 


W. W. Gartner 


R. D. Larrabee 


G. Rupprecht 
Cc. A. Klein 


A. Amith 


D. Leenov 
A. Uhlir Jr. 


D. H. Lindley 
P. C. Banbury 


R. T. Bate 
R. K. Willardson 


E. J. Gillham 
F. W. Harrison 


I. J. Richmond 


M. Varicak 
B. Saftic 


H. B. Benton 


. Dew-Hughes 
. H. Jones 
. E. Brock 


. Leenov 
. Uhler, Jr. 


PU APU 


ie 


P. Sylvan 


ie) 


. G. Paterson 


Kaufmann 
J. Klein 


. Ashley 
Bradspies 
Cohler 


. J. Dunnet 
P. Auger 
. C. Scott 


. M. Conwell 


B pag pNP sw 


9) 


. W. Hull 


. A. Weyl 
C. Marbor 


AS 


M. M. Atalla 
M. Lindner 
et al 


B. R. Myers 


oy 


. Engel 


J. C. Chambers 
G. R. Bastedo 


e APRIL 1960 


TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


ee ee 


_— 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Research in Physical Chemistry 
and Metallurgy of Semiconducting 
Materials 


Variable Capacitance Diodes 


Semiconductor Comparator Circuit 


Audio-Frequency Noise Figures of 
P-N-P Alloy-Junction Germanium 
Transistors 


A Survey on Silicon Carbide 


Investigation and Measurements 
of Properties of Single Crystal 
Silicon 


Investigation of Surface Properties 
ad Silicon and other Semiconduc- 
rs 


Growing of Cadmium _ Sulfide 
Crystals for Dosimeter Purposes 


Effect of Heavy Doping on the 
Diffusion Impurities in Germanium 


Internal Photoeffect and Exciton 
Diffusion in Cadmium and Zinc 
Sulfides 


Transmission Line Formation for 
Semiconductors 


Semiconductivity in Cadmium Tel- 
luride 


The Determination of Submicro- 
gram Qualities of Boron in High 
Purity Silicon Metal 


Preparation and _ Properties of 
Cadmium Sulfide Photoconductors 


Transistor Technology 
Evolution—II 
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West Elec Engr 
October 1959 


Studies of single-crystal germanium-silicon alloys pre- 
pared by horizontal growth methods, and by co-deposi- 
tion from the vapor phase. 


Preparation of single-crystal germanium alloys. Chemis- 
try of trichlorosilane and silicon tetrabromide. Studies 
of tantalum silicide. 


Studies of trichlorosilane with preparation of elementary 
silicon therefrom. 


Purification of silicon and silicon halides. 


Drose formation in silicon prepared from SiHCls. Tanta- 
lum and boron in silicon. 


Studies of trichlorosilane, silicon tetrachloride, and ele- 
mental silicon from SiCl. 


Studies of trichlorosilane. Effect of traces of hydrocarbons 
and carbon monoxide in hydrogen, method of removal. 


Purification of SiHCls, by absorption techniques. Study of 
the purity of water and its effect on silicon. Floating 
zone studies. 


The design theory of the AFC and PM modulator type 
variable capacitance diode is presented in detail. 


Advantages are found in using semiconductor rather than 
thermionic diodes, and regenerative rather than non- 
regenerative circuits, in comparison performance. 


This report presents the results of noise figure measure- 
ments; also a theoretical model of a transistor with noise 
is described and comparisons made thereof. 


A survey of the literature and developments in silicon 
carbide including crystallographic material, electrical, 
optical, and device aspects. 


Measurement techniques for evaluating quality include 
lifetime studies and galvanomagnetic measurements. 


Direction patterns from a (111) InSb surface are de- 
scribed. Measurements on recombination velocities at a 
germanium surface are reported. 


CdS_ single crystals can be obtained by a sublimation- 
condensation process in a helium atmosphere with crystal 
deposition on polished clear silica plates. 


The diffusion coefficients of indium, antimony, arsenic, 
and tin were measured in arsenic-doped, intrinsic ger- 
manium and gallium doped Ge from 750° to 875°C. 


The spectral response of photoconductivity were measured 
for several distances between the area of illumination and 
the electrode region. 


An alternative derivation of the scattering coefficients Tj1 
by a variational method is given in this quarterly report. 


Hall coefficient and resistivity measurements were made 
in single crystals of CdTe both “pure,” with added impu- 
rities, and in hot-pressed polycrystalline specimens. 


Because of large amounts of nitrogen, the proton irradia- 
tion was not successful. In the deuteron irradiations the 
boron presence in parts per billion was measureable. 


Investigations indicate that inherent limitations make 
these materials impractical at the present time for dis- 
play devices; however there are other electro-optic de- 
vice possibilities. 


Other technologies, semiconductor materials, surfaces, and 
encapsulations. 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


The abstracts appearing in i 
Oct. 15, 1957 to Dec. 3, 1957. In subsequent issues, 


Compiled by SIDNEY MARSHALL 


this issue cover the inventions relevant to semiconductors from 
patents issued from Dec. 3, 1957 to date 


will be presented in a similar manner. After bringing these abstracts up to date, PATENT 


REVIEW will appear periodically, the 


October 15, 1957 

2,810,110 Semiconductor Modulation Cir- 
cuits—H. J. Paz. Assignee: Radio Corpo- 
ration of America. A modulator circuit 
which uses a pair of opposite conductivity 
type transistors to provide wide frequency 
response and stable, efficient circuit 
operation. 


October 22, 1957 

2,810,831 Cross Coupling for Astable Cir- 
cuits—C. E. Jakielski. Assignee: Bell Tele- 
phone Laboratories. A transistor, emitter- 
coupled multivibrator with a capacitor 
connected between the base of one tran- 
sistor and ground, and with a conven- 
tional capacitance cross-coupling circuit 
from the collector of the same transistor 
to the base of the other transistor. 


2,810,843 Alternating Current Motor—C. E. 
Granquist. Assignee: Svenska Aktiebola- 
get Gasaccumulator (Sweden). An a-c 
motor having a stator winding forming 
the oscillator coils of a transistor con- 
verter for converting d-c to a-c in order 
to drive the motor. 


2,810,870 Switching Transistor—L. P. Hun- 
ter, R. F. Rutz, G. L. Tucker. Assignee: 
International Business Machine Corpora- 
tion. A switching transistor made by the 
gaseous diffusion technique wherein the 
minority carrier injection efficiency of the 
emitter junction is constant over the en- 
tire area of the junction. 


2,810,871 Rectifier Assemblies—C. S. Wey- 
andt. Assignee: None. A rectifier compris- 
ing a plurality of plates in stacked rela- 
tionship, two spaced insulating posts 
supporting the assembled stack, and stack 
clamping means for retaining the stack 
under pressure. 


2,810,872 Metallic Rectifier Mounting 
Structure—G. L. Nord, A. W. Mueller. 
Assignee: Schauer Manufacturing Corpo- 
ration. A mounting structure for a stack 
of metallic rectifying disks and terminals 
which produces an effective and uniform 
clamping pressure for rectifiers so con- 
structed. 


2,810,873 Transistors—R. D. Knott. As- 
signee: The General Electric Company, 
Ltd. A transistor comprising a semicon- 
ductor body housed in an envelope the 
major portion of which is metallic, the 
base electrode of said transistor being 
comprised of a metallic member con- 
nected in intimate contact to the semi- 
conductor body over a large area thereof 
and bearing against the internal surface 
of the metallic part of the envelope. 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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October 29, 1957 

2,811,474 Semiconductor Devices—L. D. 
Armstrong. Assignee: Radio Corporation 
of America. A semiconductor device com- 
prising a body of germanium, an electrode 
fuzed thereto, and a p-n junction adja- 
cent to said electrode, said electrode being 
comprised of an alloy of 20%-65% lead, 
25%-10% bismuth, 10%-30% antimony. 


2,811,590 Series-Energized Cascade Tran- 
sistor Amplifier—J. 4. Doremus, R. P. 
Crow, H. Korn. Assignee: Motorola, Inc. A 
multi-stage transistor repeater circuit in 
which the d-c feed to the stages is by a 
series circuit through all the stages so that 
the entire repeater circuit requires very 
small drain from a high voltage source. 


2,811,643 Transistor Oscillator—E. Eber- 
hard. Assignee: Motorola, Inc. A simple, 
compact oscillator unit that will start 
under all normal temperature and load 
conditions and which draws low current 
from the potential source thereof. 


2,811,646 Transistor Oscillator Circuit— 
H. B. Yin. Assignee: Radio Corporation of 
America. An oscillation generator utiliz- 
ing a tetrode transistor as the active ele- 
ment thereof wherein very high frequency 
signal operation is obtainable by utilizing 
the interelectrode capacitance of said 
transistor to provide the feedback neces- 
sary to sustained oscillations. 


2,811,653 Semiconductor Devices—A. R. 
Moore. Assignee: Radio Corporation of 
America. In an n-p-n or a p-n-p tran- 
sistor, a base region comprising two lay- 
ers of material of the same conductivity 
type but of differing conductivity, the 
high conductivity layer being adjacent 
to the emitter and the low conductivity 
layer is between the base and the col- 
lector. 


2,811,682 Silicon Power Rectifier—G. L. 
Pearson. Assignee: Bell Telephone Lab- 
oratories. A silicon power rectifier that is 
characterized by both low internal losses 
and a capacity for tolerating substantial 
temperature rises. 


November 5, 1957 

2,812,235 Method of Purifying Volatile 
Compounds of Germanium and Silicon— 
F. H. Winslow. Assignee: Bell Telephone 
Laboratories. A method consisting of the 
steps of contacting the material to be 
purified with chlorotriphenolmethane or 
fluorotriphenolmethane, maintaining con- 
tact until the germanium or silicon have 
formed a complex with the volatile im- 
purities, and separating the compounds of 
the complex. 


treatment given to each item being more detailed. 


2,812,273 Method of Taking Titanium- 
Dioxide Rectifiers—T. S. Shilliday, C. S. 
Peet, A. E. Middleton. Assignee: U.S.A. 
(Department of the Air Force). A proc- 
ess of producing semiconducting titanium 
dioxide by subjecting titanium to the 
action of hydrochloric acid, air drying 
the metal, and oxidizing the metal to 
form titanium dioxide. : 


2,812,388 Two Way Repeaters—D. L. 
Thomas. Assignee: International Standard 
Electric Corporation. A two way repeater 
arrangement consisting of a west line, an 
east line, amplifiers for the two directions, 
and hybrid transformers coupling the 
amplifiers to the lines and two balancing 
networks. 


2,812,390 Transistor Amplifier Circuit— 
A. J. Van Overbeek. Assignee: North 
American Phillips Co., Inc. A cascade 
connected amplifier circuit having a given 
frequency spectrum and a given fre- 
quency value. 


2,812,393 Power Supply and Bias Arrange- 
ment for Push-Pull Transistor Amplifier— 
W.S. Patrick. Assignee: Zenith Corpora- 
tion. A push-pull transistor amplifier 
energized alternately from a battery or 
an unregulated commercial power source. 


2,812,436 Transistor Oscillator Circuit— 
A. J. Van Overbeek. Assignee: North 
American Philips Co., Inc. An oscillator 
circuit having a high oscillator frequency 
exceeding the high frequency limit of 
the transistor. 


2,812,437 Transistor Oscillators—G. C. 
Sziklai. Assignee: Radio Corporation of 
America. A transistor switching circuit 
for generating sawtooth current wave- 
forms in an inductive load with a re- 
duced kick-back voltage appearing across 
the transistor. 


2,812,445 Transistor Trigger Circuit—A. E. 
Anderson. Assignee: Bell Telephone Lab- 
oratories. A circuit that regeneratively 
translates signals in the form of recur- 
rent pulses of light into recurrent elec- 
trical pulses whose wave shapes and 
amplitudes are constant regardless of 
variations above a threshold level of the 
intensity of the input light signals. 


2,812,446 Photo Resistance Device—G. L. 
Pearson. Assignee: Bell Telephone Lab- 
oratories. A silicon semiconductive pho- 
toconductive element comprising a single 
crystal body having contiguous zones of 
p-n-p type conductivity, one zone having 
a thickness no greater than the order of 
the diffusion length of the minority car- 
riers in that zone. 
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2,812,474 Control Circuit Employing Tran- 
sistors—R. A. Henle. Assignee: Interna- 
tional Business Machine Corporation. A 
transistor translator and amplifier circuit 
which will shift a square wave signal to 
a different voltage range and to a circuit 
portion having different impedance 
characteristics. 


2,812,480 Method of Treating Semiconduc- 
tor Devices and Devices Produced 
Thereby—S. G. Ellis. Assignee: Radio 
Corporation of America. A method of 
treating a body of silicon by maintaining 
the surface of the body in an oxygen free 
atmosphere and causing said surface to 
come in contact with iodine and bromine. 


2,813,048 Temperature Gradient Zone 
Melting—W. G. Pfann. Assignee: Bell 
Telephone Laboratories. The process of 
joining two bodies of different materials 
by adhering said two bodies to a common 
layer of a third material that is soluble 
in at least one of the first two and caus- 
ing heat to be applied and melting to 
take place so that a liquid solid interface 
progresses through the materials. 


November 12, 1957 

2,813,233 Semiconductive Device—W. 
Shockley. Assignee: Bell Telephone Lab- 
oratories. A high frequency junction 
transistor is built to give rise to a large 
recombination current in the emitter- 
base branch circuit by choice of material 
of appropriate lifetime for the various 
constituent zones. 


2,813,244 Transistor Amplifier—S. W. 
Guggi. Assignee: Westinghouse Electric 
Corporation. A transistorized control sys- 
tem for coupling an a-c source to a load 
wherein compensation is automatically 
made for the variation of transistor 
characteristics with changes in the tran- 
sistor operating temperature. 


2,813,247 Phase Shifter for Motor Control 
Systems and the Like—R. O. Decker. 
Assignee: Westinghouse Electric Corpora- 
tion. A phase shifting network for use in 
the control of 2-phase motors by variation 
of the power source frequency of the 
motor, said network maintaining a con- 
stant phase shift over a wide frequency 
range. 


2,813,262 Electric Selector Device—A. 
Garde, E. Person. Assignee: Allmanna 
Svenska Elektriska Aktriebolaget (Swed- 
en). An electric selector device for quan- 
tities able to be represented as d-c volt- 
ages, said device operating only with 
purely static members. 


November 19, 1957 

2,813,817 Semiconductive Devices and 
Their Manufacture—H. W. Leverenz. 
Assignee: Radio Corporation of America. 
A junction semiconductor device having 
uniform transit paths for current carriers 
flowing between emitter and collector 
regions. 


2,813,934 Transistor Amplifier—C. A. Ci- 
belius, Jr., D. K. Schaeve. Assignee: Bar- 
ber-Colman Co. A high gain transistor 
amplifier in which there exists a linear 
relationship between the output and 
input signals, and in which the output is 
constant in spite of ambient temperature 
variations. 


2,813,957 Semiconductor Device—J. B. 
Gosling. Assignee: General Electric Co. 
A cell comprising a body of fragile crys- 
talline material having photoelectric and 
semiconductive properties, said cell being 


enclosed and imbedded in a vitreous ma- 
terial, with conducting leads attached to 
the cell and extending through the vit- 
reous envelope. 


2,813,976 Transistor Oscillator—G. C. 
Uchrin, W. O. Taylor. Assignee: United 
States of America (Dept. of the Army). 
A square wave oscillator including a pair 
of identical transistors in a push-pull 
configuration, a saturable transformer 
with a center tapped primary winding, a 
secondary, a center-tapped tertiary wind- 
ing, a voltage source connected through 
the transformer to the base-collector 
electrodes of the transistors, and means 
connecting the tertiary winding between 
the base and emitter electrodes. 


2,814,004 Electrically Semiconductive Ob- 
ject and Method of Producing Same— 
C. H. Goodman. Assignee: General Elec- 
tric Company Ltd. A device comprising 
a semiconductive body including a chem- 
ical compound having the formula MNX, 
where M represents copper or silver, N 
stands for aluminum, gallium, indium, 
or thallium, and X represents sulphur, 
selenium, or tellurium. 


November 26, 1957, 

2,814,589 Method of Plating Silicon—M. C. 
Waltz. Assignee: Bell Telephone Labora- 
tories. A process of coating a silicon wafer 
with a gold-antimony layer, heating said 
wafer to form a_ gold-antimony-silicon 
bond, and electrolytically depositing a 
copper layer on the gold-antimony layer. 


2,814,709 Manufacture of Dry Rectifiers— 
A. H. Walker. Assignee: Westinghouse 
Brake and Signal Co., Ltd. A method of 
manufacturing dry contact rectifier ele- 
ments which includes removing short cir- 
cuits between the counter electrodes and 
the base by passing a d-c pulse through 
the element in the forward direction. 


2,814,735 Semiconductor Device—W. R. 
Cady, J. E. Mulhern, Jr. Assignee: Gen- 
eral Electric Co. A semiconductor body 
has attached to it a source of voltage that 
establishes an electric field in the body, 
said field having a component transverse 
to the direction of the flow of holes 
established by anuther (a-c) source, said 
transverse component preventing the re- 
turn of carriers to a junction thereby 
increasing the high frequency response 
of the device. 


2,814,736 Linear Saw-Tooth Wave Genera- 
tor—D. J. Hamilton. Assignee: Hughes 
Aircraft Co. A transistorized sawtooth 
wave generator that develops linear saw- 
tooth current or voltage. 


2,814,769 Electronic Power Supply and 
Clock Motor—R. Williams. Assignee: Gen- 
eral Electric Co. Transistorized oscillatory 
electronic apparatus for energizing a sin- 
gle phase synchronous motor in a man- 
ner that causes the motor to start by 
itself. 


2,814,773 Voltage Regulator—J. S. Comins, 
P. J. Gallagher. Assignee: Sorensen and 
Co., Inc. A voltage regulator that utilizes 
a bridge type sensing circuit containing 
Zener diodes. 


2,814,780 Bridge Type Modulator Mixer— 
R. H. Edwards. Assignee: Engineering 
Laboratories, Inc. Apparatus for combin- 
ing a carrier and an oscillator frequency 
without the use of transformers in order 
to deliver an output frequency. 


December 3, 1957 
2,814,852 Semiconductor Amplifiers and 
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Transmitters—I. G. Cressell, M. F. Madi- 
gan, W. E. Cropsey. Assignee: Marconi’s 
Wireless Telegraph Co. Ltd. A method of 
making a semiconductor amplifier by 
forming a p-n junction in a body of 
germanium, annealing said body, etching 
the body to form a shoulder at the junc- 
tion, and placing one or more contact 
wires on the surface of the shoulder. 


2,814,853 Manufacturing Transistors—E. 
Paskell. Assignee: Power Equipment 
Company. A method of manufacture in 
which standard production equipment 
can be used to obtain the required dimen- 
sional control and higher yield of ac- 
ceptable transistors. 


2,815,303 Method of Making Junction Sin- 
gle Crystals—C. G. Smith. Assignee: 
Raytheon Manufacturing Co. A method 
of making junction type crystals of sili- 
con or germanium having predetermined 
concentrations of p-type and n-type 
doping elements, heating and maintaining 
the crystal at an elevated temperature, 
thus causing the concentration of the 
impurity having a high rate of evapora- 
tion to fall below the concentration of 
the other impurity element in the ex- 
terior layer of the crystal. 


2,815,304 Process for Making Fused Junc- 
tion Semiconductor Products—R. A. 
Gudmandsen. Assignee: Hughes Aircraft 
Co. A method of producing a germanium 
or silicon body of the fused junction type 
by contacting the body with a specimen 
that includes a solvent metal having a 
predetermined rate of evaporation below 
the melting point of the body, heating 
said body, maintaining the temperature, 
thus causing the formation of a regrown 
region separated from the parent body by 
a rectifying barrier. 


2,815,472 Rectifier Unit—S. A. Jackson, 
C. E. Bacon. Assignee: General Electric 
Co. A rectifier unit having a cell that is 
provided with heat absorbing and cooling 
members which effectively increase its 
thermal mass and improve its thermal 
time constant. 


2,815,473 Semiconductor Devices—T. A. 
Ketteringham, C. F. Machin. Assignee: 
The General Electric Co., Ltd. A device 
comprising a hollow block of high ther- 
mal and electrical conductivity, a recti- 
fier elément secured to a closed end of 
said block, a tubular member inside the 
block for providing passage of a cooling 
liquid therethrough. 


2,815,474 Glass Sealed Semiconductor Rec- 
tifier—W. M. Lewis, Jr., H. D. Frasier. 
Assignee: Pacific Semiconductors, Inc. A 
sleeve for large electrode semiconductor 
diode packages. 


2,815,475 Selenium Rectifier—P. E. Lighty. 
Assignee: International Telephone and 
Telegraph Corp. A  polymonochlorotri- 
fluorethylene lacquer is used as an artifi- 
cial barrier layer for a selenium rectifier. 


2,815,487 Signal Converter—A. B. Kauf- 
man. Assignee: Northrop Aircraft, Inc. 
A signal converter utilizing the charac- 
teristic properties of semiconductor 
photodiodes to provide a unit having high 
input impedance and suitable for use 
with low to medium impedance devices 
developing an output voltage. 


To Be 
Continued 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


ANNOUNCED BETWEEN DEC. 1, 1959 and JAN. 31, 1960 ONLY. 


MANUFACTURERS 
ici llard, Ltd. 
G— i Elekticitats-Gesellschaft MUL— Mu ’ L z 
AEE ecien plectical Industries, Ltd. NAE— North Pa ag toe Weare hts 3 
AMP— Amperex Electronic Corp. et hoes pd aca? 1 Loabehigs Doe b 
B fle ie ire laa PHI— Philco Corp. Lansdale Tube Company 
BER Berkshire Labs ae PSL Posing: Ge ce auciers Inc 
i _— a 9 . 

BO Ld Se ae TEE ND Qsc— International Diode Corp. : 
BRA Beadle abe RADF— La panos Div. Tubes Electroniques 

=; i — theon Company . 
cbe— Contin Atal Device Co RCA— Radio “Corporation of America, Semiconductor Di» 
COL— Columbus Electronics sen! RHE— Rheem Pemicsonecer Corp. 
CTP— Clevite Transistor Products, Inc. ROSG— Dr. Ing. Rudolp ee Becton Divison 
CSF— Compagnie Generale de T.S.F. SAR— pares Be eae C., 
DAL— Dallons Semiconductor SCN— pier fe ae 
DEL— Delco Radio SEM— Semi-Elements ata ellschaft 
EEVB— English Electric Valve Co., Ltd. SIE— Siemens & Halske ienges 
ERI— Erie Resistor Corp. aay papacy te cd Corp. 
FERB_ eneath erie me SEP: SSD—_ Sperry Semiconductor Division 
GAH— Gahagan, Inc. SSP— Solid State | Products, Inc. 
GECB— General Electric Co., Ltd. sSTC— ockley 2 Sao aw Cebles, Ltd 
GE— General Electric Company, Semiconductor Div. STCB— Standard Telephone b ; 
GELC— Canadian General Electric Co. SYL— er rps gind Products, Inc. 
GIC— General Instrument Corp. SYN— yn ons oe (oe 
GTC— General Transistor Sead , TEX— Texas Rese “oe a 
HAFO— Institutet for Halvedarforskning TFKG— ieee tte ae 
HSD— Hoffman Semiconductor Division TI— Texas Instru ne a pola os 
HITJ— Hitachi Ltd., Mushashi Works TKD— Epa ei ei erg, - yew 
HUG— Hughes Products Division TOK— Tokyo cage pole ogy Ponce 
INRB— International Rectifier Co., Ltd. TRA— Lecce pei Bane rp. 
INRC— International Rectifier Corp. TUN— AA ge et rai Cc, 5 
IRC— International Resistance Co. TSC— Trans- - orp. = 
ITT— International Tel. & Tel. eed UCcI— United ery eas iutaue 
KEM— Kemtron Electron Products, c. é UsD— United States iM dopaag Pd 
LCTF— Laboratoire Central de Telecommunications uUss— U. S. Semiconductor Products, . 
Bee sat tateate th Wc WEES, tre co 
MIFI— Meni ee WEST— Westinghouse Electric Corp. 
MOT— Motorola, Inc. 


NEW DIODES and RECTIFIERS 


MAX. § Min. Forward 
CONT. 


MAX. D.C. x MAX. 
OUTPUT @ FULL 


: MER. 
MAT CPV TORR CURRENT! '°©)| toad 1,@E,@T | See code 
VO . VOLT at start 
; | of charts 


DROP4 


(volts) 


i f @E f 
(mA) (volts) 


(volts) | (volts) (uA) (volts) (26) 


1G8 2 Si 100 75 50A 2.0 - 30 100 25 PLEB 
1H2-2361 2 Si 4000 05 100 6.0 100 4000 100 COL 
1H3-2361 2 Si 5000 05 100 6.0 100 5000 100 coL 
1H4-2361 2 Si 6000 05 100 6.0 100 6000 100 CoOL 
1N897 i! Si 50 50 5.0 1.0 5.0 110 K0'0 PSI 
1N898 1 Si 50 50 100 1.0 5.0 10 100 PSI 
1N899 id Si 100 100 5.0 1.0 5.0 10 100 PSI 
1N900 £ Si 100 100 50 1.0 5.0 LOD O0 PSI 
1N901 al Si 100 100 100 1.0 5.0 10 100 IEISuuL 
1N902 il Si 200 200 10 1.0 5.0 10 100 Pw 
1N909 7 Ge 60 BY) al) esas sik) 25A 10 10 25A GIC 
1N910 u Ge 40 30 10 .34-.37 .10 25A 10 10 25A GIC 
IN911 a Ge 30 20 10 .34-.37 .10 25A 10 10 25A GIC 
1N1696 2 Si 500 - 60 50A - 60 500 500 100 GELC 
1N1697 2 si 600 - 60 50A - 60 500 600 100 GELC 
1N2054 2 Si 50 50 225 135B 55 40ma 50 175B INRC 
1N2055 2 Si 100 100 225 135B 55 40ma 100 175B INRC 
1N2056 2 Si 150 150 225 135B -55 40ma 150 175B INRC 
1N2057 2 Si 200 200 225 135B 55 40ma 200 175B INRC 
1N2058 2 Si 250 250 225 135B 55 40ma 250 175B INRC 
1N2059 2 si 300 300 225 135B 55 40ma 300 175B INRC 
1N2060 2 Si 350 350 225 135B 55 40ma 350 175B INRC 
1N2061 2 Si 400 400 225 135B -55 40ma 400 175B INRC 
1N2062 2 Sah 450 450 225 135B 55 40ma 450 175B INRC 
1N2063 2 Si 500 500 225 135B 55 40ma 500 175B INRC 
1N2793 2 Si 50 50 5.0 150C 1.25 5000 50 150 GIC 
1N2794 2 Si 100 100 5.0 150C 1.25 5000 100 150 GIC 
1N2795 2 Si 150 150 5.0 150C 1.25 5000 150 150 GIC 
1N2796 2 Si 200 200 5.0 150C 1.25 5000 200 150 GIC 
1N2797 2 Si 250 250 5.0 150C 1.25 5000 250 150 GIC 
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CONT. Current 
TYPE MAT | Piv | WORK r 
NO. VOLT.| @ 25°C 


I; @E, 
(mA) (volts) 


(volts) | (volts) 


iN2798 2 Si 300 300 
1N2799 B Si 350 350 
1N2800 2 Si 400 400 
tP2 2 1 Ge 60 60 5.0 16.0 
1T23 1 Ge 20 20 2.6 1.0 
1720105 2 Si 50 50 
2G8 2 Si 200 
2M4 2 Si 200 
3G8 2 Sa 300 
4G8 2 Si 400 
AMA 2 Si 400 
5E5 1 Si 500 500 500 1.3 
5E6 1 Si 600 600 500- 1.8 
5G8 2 Si 500 
6F5 2 Si 50 35 
6F10 2 Si 100 70 
6F15 2 Si 150 105 
6F20 2 Si 200 140 
6F30 2 shill 300 210 
6F40 2 Si 400 280 
6F50 2 Si 500 350 
6G8 2 Si 600 
6M4 2 Si 600 
8G7 2 Si 800 
10G4 2 Si 1000 
12F5 2 Si 50 35 
12F10 2 Si 100 70 
12F15 2 Si 150 105 
12F20 2 Si. 200 140 
12F30 2 Si 300 210 
12F40 2 Si 400 280 
12F50 2 Si 500 350 
B205 2 Ge 30 
SD1121 2 Si 50 
BD1122 2 Si 100 
BD1123 2 Si 225 
CD1124 2 Si 150 
CD1125 2 Si 200 
3D1126 2 St 250 
BD1127 2 fel 300 
3D1141 1 Si 60 100 1.0 
CD1142 cl Si 125 100 170 
3D1143 1 Si 175 100 1.0 
CG50H 1 Ge 65 65 4.0 150 
SG60H 1 Ge 150 150 B20 i206 
CG61H 1 Ge 100 100 3.0 150 
$G62H if Ge 100 100 3.0 1.0 
$G63H 1 Ge 100 100 3.0 i 
3G64H ct Ge 45 45 3.0 120 
5X5 /25 5 Si 25 
oX5 /50 5 Si 50 
OX5 /75 5 Si 75 
3X5 /100 5 Si 100 
3X5 /150 5 Si 150 
3X5 /200 5 Si 200 
3X5 /250 5 Si 250 
5X5 /300 5 St 300 
ox 10/25 5 Si 25 
5X10 /50 5 oe 50 
ox10)/75 5 Si 75 
NOTATIONS Other 
4. For half wave resistive 
Under Use load avcrage over | cycle 
|. General Purpose Under Reverse Current 
). Power Rectifier Oe ia se 
}. Magnetic Amplifier w Dynamic 


3 insulated Base 


dns Under Mfr. 
. Controlled Rectsfier ee 
. Dual Rectifier 6. Available in stack form 
\ Direct Tube Replacement from that manufacturer 


. Controlled Forward Conductance 
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MAX. # Min. Forward MAX. D.C 


OUTPUT 
CURRENT‘ 


~~ 


o oooooc ou 


DP>AAMAA He 


acdc agrnrganan oe 


Kis e 
ooo ooococo & 


Be 
oo 


e (°C) 


+ | MAX. 

FULL 
LOAD 
VOLT. 
DROP‘ 


(volts) 


25 70 


(uA) 


(volts) 


5000 
5000 
5000 
30 
50 


720 
75 
- 20 
1000 
1500 


- 20 
500 
500 
1750 


2000 

«20 
3000 
10ma 


30ma 
100 
100 


- 20 
100 
100 
100 
100 


1.0 
2.0 
2.0 
250 
100 


50 
100 
200 
200 


1,@E, @T 


(°C) 


300 
350 
400 
10 
10 


50 
200 
200 
300 
400 


400 


500 


600 
600 
800 
1000 


15 
35 
70 


225 
105 
140 
175 
210 


60 
125 
175 

50 
100 


50 
50 
50 
10 


Following any temperature reading 


these symbols a 


A — Ambient 
Cc — Case 

J — Junction 
S — Storage 


Z\—Inlet Temperature of Coolant 


Type No. 


7 —Revised Data 


MER. 
See code 
at start 
of charts 


150 GIC 
150 GIC 
150 GIC 
25 SONY 
25 SONY 
150A SONY 
25 PLEB 
25A PLEB 
25 PLEB 
25 PLEB 
254 PLEB 
100 INRC 
100 INRC 
25 PLEB 
INRC 
INRC 
INRC 
INRC 
INRC 
INRC 
INRC 
25 PLEB 
25A PLEB 
25 PLEB 
25 PLEB 
INRC 
INRC 
INRC 
INRC 
INRC 
INRC 
INRC 
25 BEN 
100A CDC 
100A CDC 
25 CDC 
100A CDC 
100A CDC 
100A CDC 
100A CDC 
150 CDC 
150 CDC 
150 CDC 
25A AEL 
25A AEI 
25A AEI 
25A AEI 
25A AEL 
254 AEI 
AEI 
AEL 
AEI 
AEL 
AEI 
AEIL 
AET 
AEIL 
AEIL 
AEL 
AEIL 


Manufacturers should 
be contacted for val- 
ue and test condition 
for surge current and 
maximum peak recur- 
rent current 


Under Er 


M- at 125% 
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NEW DIODES and RECTIFIERS 


tes Min. Forward | wax. p.c. max, |Max. Rev. Current 


Current ouTpuT @ "| FULL MER. 


VOLT. 


at start 
of charts 


VOLT. 
1, @E, DROP‘ 


(volts) | (volts) (mA) (volts) (volts) (volts) (°C) 


WORKT §=@ 95°C «= [curRENT’ ©} Loan] '»@&, @T bec 


CX10 /100 5 Se 100 10 25A AEL 
CX10 /L50 5 Si 150 10 25A AEI 
CX10 /200 5 Si 200 10 25A AETI 
CX10 /250 5 Si 250 10 25A AEIL 
CX10 /300 5 Sal 300 10 25A AEIL 
D1003 & Si 100 30 25 iis 20 100 25B PLEB 
D2003 2 Sa 200 30 25 15 20 200 25B PLEB 
D4003 2 Si 400 30 25 125 20 400 25B PLEB 
ED1825 1 Ge 150 20 1.0 250 100 25 ERI 
ED1892 il Ge 20 15 8.0 1.0 200 10 25 ERI 
ED1902 7 Ge 70 GOr = ZisWsil) Sh 0 500 50 25 ERI 
ED1980 il Ge 50 40 50 1.0 50 30 25 ERI 
ED2010 il Ge 20 20 100 iLO 25 10 25 ERI 
GEX542 24 Ge 160 160 8000 55 6.0 35A .50 25ma 160 70A GECB 
GJ3M 2 Ge 200 100 io ® 25A 150 AEI-6 
GJ4M 2 Ge 75 100 LS5@ 25A 120 AEI-6 
GJ5M 2 Ge 300 200 LAW 25A Leo AEI-6 
GJ6M 2 Ge 150 200 0 25A 1.0 AEI-6 
GwW40 1 Ge 60 60 5.0 iL 50) 30 10 25 ROSG 
GW60 1 Ge 70 70 2.5 Tho 200 50 25 ROSG 
GW80 it Ge 100 100 30 10 25 10 25 ROSG 
GW103 1 Ge 20 20 5.0 1.0 20 10 25 ROSG- 
GW120 il Ge 100 100 2.5 1.0 50 50 25 ROSG 
HR14 2 Si 400 .30 75A 200 400 25A HITS 
HR15 2 Si 500 .30 T5A 200 500 258 HITS 
HR24 2 Si 400 .30 75A 200 400 25A HITS 
HR25 2 Si 500 .30 75A 200 500 25A HITS 
HS30 2 Si 5000 0 25A 20 10 5000 100A FERB 
HS31 2 Si 7500 210 25A 25 10 7500 100A FERB 
HS32 2 Si 10000 a0 25A 30 10 10000 100A FERB 
HTIS5A 2 Si 5000 -50 25A AEI 
HTS10A 2 Si 10000 50 25A AEI 
MA70 1253) St 700 700 3000 -90 1.6 150 150 20 700 25A TS 
MA80 1GAAR SEE 800 800 3000 -90 1.6 150 10 20 800 25A TSC 
MO5 U3 Si 50 50 30000 ee O 25 150 10 5000 50 25A TSC 
MO10 152536 Si 100 100 30000 1.0 25 150 DAK, 5000 100 25A TS¢ 
MO15 Ayn) fopl 150 150 30000 iLA® 25 150 AO 5000 150 25A TSG 
M020 to SS 200 200 30000 iba 25 150 1.0 5000 200 25A TSC 
M025 M5 VAS} SEL 250 250 30000 1.0 25 150 1.0 5000 250 25A TSE 
M030 1253) Stl 300 300 30000 AvO 25 150 1.0 5000 300 25A TSG 
M040 aes) Sal 400 400 30000 tO 25 150 10 5000 400 25A TSE 
MO50 SDS) Sal 500 500 30000 TsO 25 150 10 5000 500 25A TSC 
MO60 1bsOARS) (Ske 600 600 30000 saa) 25 150 10 5000 600 25A TSC 
MP5 oMneh  Shl 50 50 50000 0 35 150 1.0 5000 50 25A TS 
MP10 ih OAnSy - ASEL 100 100 50000 0 35 150 1750 5000 100 25A TSC 
MP15 ip ORAS). Sel 150 150 50000 1.0 35 150 10 5000 150 25A TSE 
MP 20 TRUER) | <Stab 200 200 50000 1.0 35 150 1 a® 5000 200 25A TSC 
MP25 10525 Sal 250 250 50000 iL6@ 35 150 a@ 5000 250 25A MSE 
MP30 a Mesy SEE 300 300 50000 sla 35 150 1.0 5000 300 25A TSC 
MP 40 DARE mush 400 400 50000 1.0 35 150 10 5000 400 25A TSC 
MP50 3258) fel 500 500 50000 1.0 35 150 ib@ 5000 500 25A Se 
MP 60 nwaay (Sel 600 600 50000 1°30 35 150 1.0 5000 600 25A TSC 
MR5 ping Sal 50 “50 5000 -70 3.0 150 1.0 20 50 25A Se 
MR10 op ASK Sal 100 100 5000 SO Bow 150 Aa) 20 100 25A TSC 
MR15 ND eGSs “ASEL 150 150 5000 uO) 3.0 150 iG ®) 20 150 25A TSC 
MR20 oss) fsel 200 200 5000 5 '0@ S50 150 150 20 200 25A ESC 
MR25 ABS) SEL 250 250 5000 .70 3.0 150 140 20 250 25A TSC 
MR30 6 Baa) —isEl 300 300 5000 sO 3.0 150 test 20 300 25A TSC 
MR40 The Phe 8} ssi 400 400 5000 .70 3.0 150 1.0 20 400 25A MSC 
MR50 W5AoSs) Sa 500 500 5000 .70 3.0 150 1.0 20 500 25A TSC 
goo Lange Si 600 600 5000 0 30 150 abate) 20 600 25A TSC 
: 5p 8) Seb 700 700 5000 .70 3.0 150 1.0 20 700 25A TSC 
MR80 ae) REL 800 800 5000 .70 3.0 150 15 ® 20 800 25A mT 
MS70 W556) {Sok 700 700 10000 -85 6.0 150 : ee 
MS80 1.2.3 4 Ses mee ° The) 20 700 25A mse 
225 10000 .85 6.0 150 110 20 800 25A TSC 
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CONT. 

USE Current 
WORK 

oe VOLT.J _@ 25°C 


ly @ E, 
(mA) (volts) 


(volts) | (volts) 


MAX. | Min. Forward | ax. Dic: 


output @ "| FuLe 
CURRENT! = °C) LoaD 


(amps) 


(T70 1,2,3 Si 700 700 12000 80 12 
IT80 15290 SA 800 800 12000 80 12 
JA250 2 Si 50 14 
A251 2 Si 100 14 
A252 2 Si 200 14 
SJO51A 2 Si 50 50 T<o 
5J051B 2 Si 50 50 - 70 
SJ052A 2 Si 50 50 2.3 
3J052B 2 si 50 50 Lisi 
SJ101A 2 Si 100 100 1159 
5J101B 2 Si 100 100 0 
5J102A 2 Si 100 100 2.3 
5J102B 2 Si 100 100 IANO 
SJ201A 2 si 200 200 1.5 
$J201B z Si 200 200 st fl) 
SJ202A 2 Si 200 200 2.3 
$J202B 2 Sz 200 200 10 
SJ301A 2 si 300 300 Teo 
$J301B 2 On 300 300 6L0 
SJ302A 2 Si 300 300 VARS 
$J302B 2 Si 300 300 8) 
SJ401A 2 Si 400 400 hts} 
$J401B 2 Si 400 400 ithe) 
SJ402A 2 Si 400 400 2.3 
$J402B 2 Si 400 400 130 
SJ501A 2 Si 500 500 1.5 
$J501B 2 Si 500 500 Si) 
SJ601A 2 ab 600 600 by 
S$J601B 2 SL 600 600 .70 
SLIO1A 2 Si 100 10 
SL201A 2 Si 200 10 
SL301A 2 Si 300 10 
SL401A vA si 400 10 
SR2201A 2 Si 400 Ph) 
SR2301A 2 Si 600 - 70 
SR84201A 2 52: 800 0 
SR4301A 2 Si 1200 yet) 
SR4401A 2 Si 1600 - 70 
SR4501A 2 Si 2000 . 70 
SX11 1 BL 60 60 100 Dw O 
5x12 1 Si 120 120 100 Demet) 
SX13 1 si 180 180 100 DL sa 
X16RC2 5 Si 20 20 16 
X16RC3 5 Si 30 30 16 
X16RC5 5 Si 50 50 16 
X16RC7 5 Si 70 70 16 
X16RC10 5 Si 100 100 16 
X16RC15 5 Si 150 150 16 
X16RC20 5 Si 200 200 16 
ZR30 2 Si 50 30 
ZR31 2 si 100 30 
ZR32 2 SL 200 30 
ZR33 2 Si 300 30 
ZR34 2 si 400 30 
ZR35 2 Si 500 30 
ZS8 ul DL 30 100 sR 
Zo2l uf Si 200 100 Ld 
NOTATIONS Other 

4. For half wave resistive 
Under Use load average over | cycle 
1. General Purpose Under Reverse Current 
2. Power Rectifier a, 
3. Magnetic Amplifier 7) Dynamic 
4) Insulated Base Bader Mir: 
5. Controlled Rectifier rea 
6. Dual Rectifier 6. Available in stack form 
A. Direct Tube Replacement from that manufacturer 


7. Controlled Forward Conductance 
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MAX. 


VOLT. 
DROP‘ 


(volts) 


(uA) (volts) 


150 1.0 100 700 
150 uh) 100 800 
100 5000 25 
100 4000 50 
100 2500 200 
25A ret 500 50 
25A uy 500 50 
25A 1.7 1500 50 
25A 5 NP a 1500 50 
25A Mee 500 100 
25A ert 500 100 
25A 6 Pa 1500 100 
25A skSatf 1500 100 
25A Bh 500 200 
25A al ati 500 200 
25A ater 1500 200 
25A 1 seed 1500 200 
25A 1.7% 500 300 
25A J alt 500 300 
25A ext 1500 300 
25A ab df 1500 300 
25A ley 500 400 
25A 1.7 500 400 
25A a Wf 1500 400 
25A Droid 1500 400 
25A ALAN 500 500 
25A een 500 500 
25A a Banc 500 600 
25A alert 500 600 
30A 
30A 
30A 
30A 
25A 
25A 
25A 
25A 
25A 
25A 
25A 1.0 5.0 60 
25A 1,0 5.0 120 
25A 1.0 5.0 180 
30 -90 6500 
30 90 6500 
30 -90 6500 
30 -90 6500 
30 90 6500 
30 -90 6500 
30 90 6500 
25A Diez 2000 50 
25A 1.2 2000 100 
25A a 2000 200 
25A 1.2 2000 300 
25A 1.2 2000 400 
25A 1.2 2000 500 
-05 30 
5.0 200 


Following any Heb tle ial reading 


these symbols a 


A — Ambient 

Cc — Case 

J — Junction 

S — Storage 

Z\—Inlet Temperature of Coolant 
Type No. 


7 —Revised Data 


I,@E, @T 


(°C) 


MER. 
| atstar | 
at start 
of charts 


25A 

25A 
150 
150 
150 


1207 
1207 
2007 
2007 
1207 


1207 
200T 
2007 
1207 
1207 


2007 
200J 
1207 
120d 
2007 


200J 
1207 
1207 
2007 
2005 
1207 
1207 
1207 
1207 


100A 


100A 
100A 
30A 
30A 
30A 


30A 
30A 
30A 
30A 
100A 


100A 
100A 
100A 
100A 
100A 
100 

100 


TSC 
TSC 
RADF 
RADF 
RADF 


AEI-6 
AEI 
AEI-6 
AEI 
AEI-6 


AEI 
AEI-6 
AETI 
AEI-6 
AEI 


AEI-6 
AEI 
AEI-6 
AEI 
AEI-6 


AEI 
AEI-6 
AEI 
AxI-6 
AEL 
AEI-6 
AET 
AEI-6 
AEL 
AEI-6 


AEI-6 
AEI-6 
AEI-6 
AETI 
AEL 


AETI 
AEI 
AETI 
AEI 
GECB 


GECB 
GECB 
INRC 
INRC 
INRC 


INRC 
INRC 
INRC 
INRC 
FERB 


FERB 
FERB 
FERB 
FERB 
FERB 
FERB 
FERB 


Manufacturers should 
be contacted for val- 
ue and test condition 
for surge current and 
maximum peak recur- 
rent current 


Under Ep 


M- at 125% 
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NEW DIODES and RECTIFIERS 


The following manufacturers have announced that they have begun supplying the indicated previously 
registered diodes and rectifiers. 


AMPEREX ELECTRONIC: 
IN38A, 1N54A, 1N58,A, 1N60, 1N63, 1N67A, 1N68A, 1N89, 1N90, 1N95, 1N99, 1N116, 1N117, 1N119, 1N120, 1N126, 1N128, 


1N191, 1N192, 1N198 


CANADIAN GENERAL ELECTRIC: 
1N34,A, 1N35, 1N38, 1N38A, 1N38B, 1N48, 1N51, 1N52, 1N52A, 1N54, 1N54A,1N58, 1N58A, 1N63, 1N65, 1N67, 1N67A, 


9, 1N69A, 1N70, 1IN70A, 1N75, 1N81, 1N81A, 1N90, 1N91, 1N92, 1N93, 1N116, 1N126, 1N1126A, 1N127, 1N1127A, 
vos. Tae 1N152, 1N153, 1N158, 1N198, 1N253 thru 1N256, 1N332 thru 1N337, 1N339 thru 1N346, 1N348, 1N349, _ 
1N440 thru 1N445, 1N440B thru 1N445B, 1N456 thru 1N459, 1N456A thru 1N459A, 1N461 thru 1N464, 1N461A thru 1N464A, 
1N482 thru 1N488, 1N482A thru 1N488A, 1N482B thru 1N485B, 1N536 thru 1N540, 1N547, 1N550 thru 1N555, 1N599 thru 
1N614, 1N599A thru 1N614A, 1N636, 1N1095, 1N1096, 1N1100 thru 1N1103, 1N1115 thru 1N1120, 1N1487 thru 1N1492, 


1N1692 thru 1N1695 


CLEVITE TRANSISTOR: 
1N456, 1N461 thru 1N464, 1N461A thru 1N464A, 1N482, 1N482B, 1N483, 1N483A, 1N483B, 1N484A, 1N484B, 1N485, 


1N485A, 1N485B, 1N486A, 1N487, 1N487A, 1N488A, 1N629 


COLUMBUS ELECTRONICS: 
1N1444, 1N2154 thru 1N2159, 1N2154R thru 1N2159R, 1N2160, 1N2382, 1N2383 


CONTINENTAL DEVICE: 
1N722 


DALLONS SEMICONDUCTOR: 
1N2159 


ELECTRON RESEARCH: E : 
1N52A, 1N69A,  1N96A, 1N98, 1N98A, 1N99A, 1N100A, i1N111,-1N112, 1N270, 1N276, 1N281, 1N292, 1N456 thru 1N459, 
1N461 thru 1N464, 1N482 thru 1N488, 1N497 thru 1N500, 1N645 thru 1N649, 1N772 


GENERAL INSTRUMENT: 
1N57, 1N66,1N67,1N68, 1N88,1N96A,1N97 thru 1N100, 1N107, 1N108, 1N116, 1N117, 1N118,1N132, 1N278, 1N287 thru 
1N292, 1N294, 1N308, 1N312, 1N313, 1N316 thru 1N320, 1N323 thru 1N327, 1N359, 1N359A, 1N360 thru 1N363, 1N360A 
thru 1N363A, 1N429, 1N432, 1N434, 1N435, 1N447, 1N456A thru 1N459A, 1N461A thru 1N464A, 1N487, 1N488A, 1N488, 
1N497 thru 1N502, 1N588, 1N589,1N631,1N632,1N633,1N636, 1N643A, 1N662A, 1N663A, 1N676 thru 1N679, 1N681 thru 
1N689, 1N702 thru 1N745, 1N746 thru 1N759, 1N761 thru 1N769,1N778,1N779,1N789, 1N791, 1N792, 1N793, 1N795, 
IN801, 1N802, 1N804 thru 1N809, 1N811 thru 1N815, 1N818, 1N846 thru 1N889, 1N1124 thru 1N1128, 1N1124R thru 
1N1128R, 1N1133 thru 1N1149, 1N1143A, 1N1191 thru 1N1194, 1N1251 thru 1N1261, 1N1341 thru 1N1348, 1N1518 thru 
1N1528, 1N1551 thru 1N1560, 1N1588 thru 1N1598, 1N1612 thru 1N1616, 1N1732, 1N1733, 1N1734, 1N1765 thru 
1N1802, 1N1927 thru 1N1944, 1N2069 thru 1N2079, 1N2512 thru 1N2517, 1N2512R thru 1N2517R 


HITACHI LTD.: 
IN34A, 1N35, 1N38A, 1N56A, 1N60 


HUGHES: 
1N645, 1N646, 1N647, 1N648, 1N649 


INTERNATIONAL RECTIFIER : 
1N1487 thru 1N1492, 1N1183 thru 1N1198, 1N2154 thru 1N2160 


INTERNATIONAL RECTIFIER LTD.: 
This company is a subsidiary of International Rectifier (USA), and manufactures all types produced by 
International Rectifier. 
MICROFARAD: 
This company is licensed by Compagnie Generale de T.S.F. and manufactures all t 
aa ee ak ypes produced by Compagnie 
RAYTHEON : 


1N248A, 1N249A, 1N250A, 1N270, 1N273 IN276, 1N277, 1N281, 1N283, 1N1124 th 
a emiires: teen ’ ,’ ’ ’ ’ 3 thru 1N1128, 1N1195, 1N1196, 1N1197, 


RHEEM SEMICONDUCTOR: 
IN251,, 1N252, 1N903, 1N904, 1N905, 1N906, 1N907, 1N908 


SSMICON: 


1IN440 thru 1N444, 1N550 thru 1N555, 1N607 thru IN614, IN607A thru 1N614A, 1N1115 th 1 

1N1217 thru 1N1226, 1N1217A thru IN1224A, 1N1227 thru 1N1236, 1N1227A thru INI2S4A, INLa4S Lda oe 
1N2086, 1N2217, 1N2219, 1N2221, 1IN2223, 1N2223A, 1N2225, 1N2225A, 1N2229, 1N2229A, 1N2231, 1N2231A, 1N2233 
IN2233A, 1N2235, 1N2235A, 1N2237, IN2237A, 1N2239, 1N2239A, 1N2241, IN2241A, 1N2243, 1N2243A 1N2267 1N2269 
1N2271, 1N2289 thru 1N2293, 1N2289A thru 1IN2293A, S10, S40, S50, S55, S60 ‘ s : 4 


TSXAS INSTRUMENTS: 
1N253 thru 1N256, 1N456A thru 1N459A, 1N547, 1N625 thru 1N629, 1N643, 1N662, 1N663, 1N658 


TRANSITRON ELECTRONIC: 
IN7T46, 1N747, 1N748, 1N749, 1N750, 1N751, 1N752, 1N753, 1N754, 1N755, 1N756, 1N757, 1N758, 1N759 


TRANS-SIL: 
1IN1199 thru 1N1206, 1N1341 thru 1N1348, IN1537, 1N1538, 1N1539, 1N1540, 1N1541, 


VICKERS: 
1N1612, 1N1613, 1N1614, 1N1615, 1N1616 


1N1542, 1N1543, 1N1544 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Announced between Nov. 1, 1959 and Dec. 31, 1959. This is a partial li ti ontinued from 
March 1960 issue. See March 1960 issue for manufacturers’ cde: ese reg cag 


Max. Ratings @ 25° C Typical Characteristics 


MER. 
See code 
“ina | Yor Pe ff ae 
PARAMETER 
d 
(ebndifien) 


ETP1729 5 PNPA Ge 30W 2.5 80 70 hop? -500ma 50 CLE 
por i730 5 PNPA Ge 30W oases, 010 80 hor :[~-500ma 50 CLE 
eePl73i1 5 PNPA Ge 30W 2..5 40 38 hop -500ma 100 CLE 
erP1732 5 PNPA Ge 30W Zed 80 70 hor T~-500ma 100 CLE 
eoP1 733 5 PNPA Ge 30W 26D) -wl!00 80 Dae T~-500ma 100 CLE 
BePl735 5 ’ PNPA Ge 30W Die 60 55 Nap it -500ma 50 CLE 
wrP1736 5 PNPA Ge 30W 2.5 60 55 hop it -500ma 100 CLE 
OC 22 5 PNPA Ge 30 32 2.5 Neil -1.0A 150 AMP 
OC 23 5 PNPA Ge 30 40 Ae D hegil -1.0A 150 AMP 
OC 24 5 PNPA Ge 30 32 LD npeiip-l OA 150 AMP 
OC 26 3 PNPA Ge 1.0 32 32 15 Apetip-l OA 33 AMP 
OC 27 3 PNPA Ge 0 32 32 30 hpeiipel OA 64 AMP 
OC 28 5 PNPA Ge 60 20 Npetip-l OA 32 AMP 
OC 29 5 PNPA Ge 32 20 Hieg? dpe t 08 90 AMP 
OC 30 3 PNPA Ge 7.5 32 32 30 Ape? I,-100ma 35 AMP 
OC35 5 PNPA Ge 32 20 Hp ‘1,71. OA 50 AMP 
OC36 5 PNPA Ge 32 20 Nee? iol. OA. 70 AMP 
OC 46 5 PNPA Ge 83 20 20 3.0 Hpeiin 15ma 80 AMP 
OC47 5 PNPA Ge 83 20 20 5.5 heeitip 15ma 200 AMP 
0C53 1 PNPA Ge 10 ff Lth REND hp,itp--25ma 35 AMP 
OC54 1 PNPA Ge 10 Ties een er hh, ?i,--25ma 55 AMP 
OC55 1 PNPA Ge 10 Hes Ol ihe) hpoiip-- 25ma 80 AMP 
OC56 1 PNPA Ge 10 PY CY) AMP 
OC 60 et PNPA Ge 10 (650) PY 1.6 yes oe .25ma 60 AMP 
OC 74 3 PNPA Ge 550 20 LAO nee! I,-300ma 65 AMP 
DCTS 3 PNPA Ge 125 30 30 75 ha, ii,-3.0ma 90 AMP 
IC 79 2 PNPA Ge 550 26 1.2 fe tp 300ma 42 AMP 
IC 80 5 PNPA Ge 550 32 3.2 ZX) Pei tp7 600ma 85 AMP 
C139 5 NPN Ge 100 20 20 3.5 hegiin- 15ma 45 AMP 
IC 140 5 NPN Ge 100 20 20 4.5 Nhe Is 15ma 75 AMP 
C141 5 NPN Ge 100 20 20 7-0 Apne Io 15ma 150 AMP 
C200 2 PNP Si 250 25 a AAO Nhe Io-l Oma 20 AMP 
IC201 2 PNP Si 250 25 4.0 Nhe Ip-1 Oma 30. AMP 
ICP 70 ul PNP Ge 25 Ceo AMP 
ID760 37) A si 10 60 40 Mh, Appi ig-100ma 15 AEG 
3T4150 3,5 NPND Si 5000 60 60 hopit -500ma 25 TRA 
rR508 5 PNPA Ge 150 16 12 3.5 Napiton 20ma 125 IND 
fA121 4 PNPD Ge 80 750 25 30 Neeiignl Oma 60 AET 
XA122 4,8 PNPD Ge 80 750 25 30 Nhe tact Oma 60 EL 
XA123 4,8 PNPD Ge 80 750 20 30 Nee to-l Oma 60 AET 
¥A126 4 PNPD Ge 80 750 20 30 Nhe tol Oma 60 AET 
XA151 5 PNPA Ge 130 300 20 16 3.00F Aapitn 50ma 20min AEI 
¥A152 5 PNPA Ge 130 300 20 16 5 .bOF Dapiion 50ma 40min AET 
XA161 5 PNPMe Ge 150 300 13 12 A0T hopiion 10ma 50 AEL 
XA162 5 PNPMe Ge 150 300 13 12 60 fF Norpilon 10ma 50 AET 
XB121 5 PNPA Ge 50 LO Dae hom? ft, -5 Oma 60 AET 
OTATIONS Under ‘ype Under ‘ap 
pier Use 5 ; Dithcood or Drift ’ Figure of ion. 
1- Low power a-f equal to or less than 50 mw F - Fused 4 ora ot 
% asa, to oe eee z : Smoa obiiacise t fy = Gain Bandwidth Product hg. x fhte 
3- Power > 500 mw M_ - Microalloy 
4-r-f/i-f Me ~- Mesa 
5 - Switching and Computer O - Other 
6 - Low Neise s - Surface Barrier Ae, 
i Photo _ 2 aphiaeet Cae @ - Infinite heat sink 

§ Tetrode 


9- Local Oscillator @ - Revised Spec. 
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‘Silicon Transistors 

Pacific Semiconductors, Inc. announces 
two new very high power, high-fre- 
‘quency silicon transistors. These diffused, 
mesa transistors, designated as PT900 and 
PT901, are characterized by a power dis- 
‘sipation of 125 watts at 25°C case tem- 
perature; 50 mc alpha cut off frequency; 
10 ampere continuous collector current 


and 0.2 ohm saturation resistance. 
Circle 133 on Reader Service Card 


Microwave Mixer Diodes 

The Lansdale Division of Phileo Cor- 
poration has announced the availability 
of the new IN78D silicon point-contact di- 
odes in production quantities. They bring 


low-noise mixer performance to the 
Philco family of crystals specified for 16,- 
000 me first detector operation. Featuring 
a maximum conversion loss of 5.7 db and 
overall noise figure of 7.5 db, they are 
hermetically sealed and specified for op- 
eration up to 150°C. The series also fea- 
tures IF impedance range tightened to 
400-565 ohms; RF impedance (VSWR) 
reduced to 1.5. 
Circle 127 on Reader Service Card 


Silicon Power Rectifiers 

New military-type silicon power recti- 
fiers, 1N1614, 1N1615, and 1N1616, have 
‘been designed by Bendix to meet mili- 
tary specifications MIL-E-1/1240, 1/1241, 
and 1/1242 respectively. Featuring a high 
reverse voltage characteristic ranging 
from 200 to 600 Vdc, the new rectifiers 
will operate at high temperatures with the 
low reverse current of one milliampere 
at 150°C. The new Bendix rectifiers are 
characterized by low forward voltage 
drop of 1.5 Vde at 10 Adc. 


Circle 116 on Reader Service Card 


‘Temperature Test Chambers 

The Electric Hotpack Company, Inc. 
announces a new line of hot-cold test 
‘chambers for environmental production 
testing of electronic components. Tem- 
perature range: —100° to +400°F. Six 
models, including a portable table top 
chamber with pull out drawer. Liquid 
CO, coolant provides rapid temperature 
drop. . . 107°F. to —70°F. in less than 
sixty seconds. High velocity fan insures 
rapid CO, dispersal. 

Circle 120 on Reader Service Card 
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New Products 


Transistorized Ultrasonic Cleaner 

Narda Ultrasonics Corporation has in- 
troduced an economical small-size trans- 
istorized cleaner, called the UniBlast. The 
transistorized circuit receives about 40 
watts of de imput and produces about 30 
watts of 65 ke output. It plugs into an 
ordinary 110-120 volt circuit, thus re- 
quires no special power lines. Transis- 
torization has made it possible to bring 
ultrasonic cleaning within the means of 
vast market groups. Compactness and 
unitary design make the unit ideal for 
industrial production lines where small 
items must be cleaned before, during and 


after installation. 
Circle 100 on Reader Service Card 


Silicon Rods 

Trancoa Chemical Corporation has an- 
nounced the availability of polycrys- 
talline silicon rods for floating zone crys- 
tal growing. The rods are centerless 
ground from silicon that has not been 
previously melted. As a result, they are 
very uniform in diameter, have a very 
low boron content and a density very 
near theoretical limits. The rods are 
offered in standard diameters of 34” and 
7%” with tolerances of plus or minus 


.005 inches. 
Circle 107 on Reader Service Card 


Miniature Reference Amplifier 

A miniature reference amplifier known 
as Mini Ref-Amp, has been announced 
by Industro Transistor Corporation. It is 
about the size of the eraser in the com- 
mon lead pencil, and consists of a bi- 
polar Zener diode (voltage reference) 
and a silicon amplifying transistor manu- 
factured as one unit, and packaged in the 
TO-5 transistor case. About four com- 
ponents used in ordinary reference ampli- 
fiers are eliminated with this configura- 
tion. Reduction of components and unit 
packaging effectively reduces the temper- 
ature coefficient of practical regulator cir- 
cuits. 
Circle 134 on Reader Service Card 


Diffusion Furnaces | 

A new line of diffusion furnaces fe 
semiconductor manufacturers, featurin: 
longer constant temperature work zone 
is announced by Pitt Precision Product 
Inc. These furnaces can be supplie 
with as much as three continuous bu 
independently controlled zones: (1) low 
temperature pre-heat zone to permit pre’ 
heating of furnace load; (2) high tem: 
perature diffusion zone; (3) low tempera: 
ture source zone for use where lowe: 
diffusant source temperatures are re 
quired. Other design features include 
the use of high purity impervious alum’ 
na muffles to minimize contamination 
economy, flexibility of control, conserya 
tive insulation. 

Circle 136 on Reader Service Card 


Air Cooled Heat Exchanger 

A new line of Forced Air Heat Ex- 
changers has been developed by Gaske' 
Mfg. Co., for cooling power transistors 
Designed to operate from a ducted source 
of air, flowing at rates of from one tc 
fifteen cfm, at standard conditions, these 
exchangers enable a 50 watt transistor te 
produce up to 50 watts. These Heat Ex- 
changers are available in five models tc 
fit all makes of power transistors. 

Circle 111 on Reader Service Card 


Evaporator System 
A High Vacuum Evaporator System 
featuring a built-in flange that permit: 
attachment to a controlled atmosphere 
enclosure has been developed by Temper- 
ature Engineering Corporation. Consist: 
of a stainless steel evaporator chambe 
12” in diameter by 18” long with a 5’ 
diameter pyrex viewport, a complete foul 
inch high vacuum pumping system fot 
vacuums to .01 microns or less, electrica 
controls, vacuum gauges, and a two KVA 
low voltage filament power supply. 
Circle 135 on Reader Service Card 


Transistor Transformers 

Microtran Company, Inc., announces the 
availability on special order, of its cata- 
log line of .subminiature size transisto1 
transformers’ in mu metal construction 
Use of mu metal, in place of steel cans 
provides hum pick-up reduction of ap- 
proximately 20-30 db. Available in MIL. 
AF construction 34” square by 1 14” higt 
or in cylindrical construction 1544” diam. 
eter by 1546” high. 

Circle 106 on Reader Service Card 
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licon-Carbide Rectifier 

Development of commercially-available 
licon-carbide rectifiers has been re- 
ysrted by Transitron Electronic Corpo- 
tion. Transitron engineers state that 
e new rectifiers represent a major 
-eak-through in high temperature, radi- 
jon-resistant semiconductors. They can 
ithstand temperatures of 500°C. Will 
srmit reliable operation at temperatures 
1 excess of 200°C. Typical reverse cur- 
nts are less than 100 ua @ 50 volts at 
0°C. 


Circle 108 on Reader Service Card 


entrifugal Transfer Pump 

A new type of centrifugal pump spe- 
ifically designed for transferring corro- 
ive liquids and solvents without leakage 
; being offered by Sethco Manufacturing 
orp. Called El-10, it features a pump 
yhich is inside the motor housing and is 
lagnetically driven by the motor. Maxi- 
tum flow with water is 20 gallons per 
1inute. Maximum head developed is 25 
set. Liquids can be handled up to spe- 
ific gravities of 15. Maximum working 
ressure is 150 psi. 

Circle 126 on Reader Service Card 


ransistorized Power Supply 

Electronic Research Associates, Inc. an- 
ounces the availability of a new compact 
ransistorized power supply which pro- 
ides highly regulated continuously vari- 
ble output for all battery voltage ranges. 
Operating specifications include the fol- 
ywing: Input voltage 105-125 VAC, 60 or 
00 cps, Output 4-36 VDC at 0-500 ma, 
ine Regulation less than 0.15% change in 
utput for full input change, Load Regu- 
ation less than 0.05% no load to full load, 
tipple less than 2 millivolts. 

Circle 118 on Reader Service Card 


facuum Furnace 

Marshall Products Company has an- 
ounced availability of a new high vac- 
uum furnace, known as the Model 58- 
ID, for making hardness tests at tem- 
eratures up to 3000°F. Heating element 
3 a cylinder of sheet molybdenum 3” I. D. 
yy 12-34” long. Other features include: 
9ading mechanism entirely within the 
acuum system to eliminate external 
rror, indentor movement so that hard- 
ess impressions may be made on three 
ifferent reference circles, 360° rotation of 
nvil and stage for maximum number of 
mpressions without breaking the vacuum. 

Circle 109 on Reader Service Card 


Precision Switch 

The new KLIXON ATI-1 (“aspirin 
tablet”) hermetically sealed Precision 
Switch weighing less than leth of -an 
ounce, has been introduced by Spencer 
Products, Metals & Controls Division of 
Texas Instruments Incorporated. Current 
capacity is 3 amperes, 28 volts d-c re- 
sistive. Ambient temperature range is 
—65°F to +275°F. (Shown at left enlarged 
3 times; at right actual size.) 

Circle 110 on Reader Service Card 
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Heating Unit 

_A new dual frequency 10 KW output 
high frequency induction heating unit 
(Model LI-10D-1) operating at approxi- 
mately 400 KC and 4 MC is being offered 
by Lindberg Engineering Company. This 
unit has been specially designed for re- 
search and development work and for 
production of semiconductor and other 
conductive materials. Power input is 
230/460 volts, 3 phase, 60 cycles. Other 
voltages and frequencies can be supplied. 

Circle 122 on Reader Service Card 


Silicon Power Rectifier 

A new, double diffused Silicon Power 
Rectifier has been developed by Syntron 
Company. Officials describe the Style 
21 as being rated at 13 amperes average 
at 25°C. ambient on a 3” x 3” x 148” cop- 
per heat sink. Standard and reverse po- 
larity are achieved through the double 
diffusion. Typical forward dynamic re- 
sistance is .009 ohms. 

Circle 124 on Reader Service Card 


\ 


Controlled Rectifier Housings 

The development of a rugged, compact, 
high current, hermetically sealed con- 
trolled rectifier housing constructed of 
materials and processes to withstand tem- 
peratures above soft solder range and 
involving five seals to dissimilar materials 
has been announced by Mitronics, Inc. 
Designed and produced for a_ leading 
manufacturer of electrical and electronic 
original equipment, the mechanical re- 
quirement dictated the use of three met- 
als: alloy ”52, OFHC and Gr “A” Ni. 
A braze material to withstand tempera- 
tures above 1435°F was used. 

Circle 130 on Reader Service Card 
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Utility Oven 

Blue M Mechanical Recirculating Elec- 
tric Utility Ovens effectively use turbo- 
blower, heavy-duty motor and Blue M 
designed mounting, permiting vibration- 
less recirculating vertical airflow. De- 
pendable Power Selector Switch con- 
trols wattage input for low, medium, or 
high temperatures. Temperature Range: 
37.8°C to 260°C (500°F.) Automatic Hy- 
draulic Thermostat has response sensi- 
tivity of +%°C. 

Circle 101 on Reader Service Card 


Beta Transistor Tester 

Development of a new, versatile dy- 
namic Beta transistor tester, Model 870, 
has been announced by the Hickok Elec- 
trical Instrument Company. The tester 
measures large signal d-c Beta on power 
transistors as well as small signal a-c Beta 
on low and medium power transistors. 
Collector test current is variable up to 
2 amperes, permitting Beta measurement 
of power transistors rated 5 amperes and 
more. Provides low voltage, high current 
tests, excellent for switching transistors. 

Circle 102 on Reader Service Card 


Induction Heater 

The introduction of advanced design 3 
megacycle induction type heaters has 
been announced by Sherman Industrial 
Electronics. Permitting instantaneous, 
pin-point heat with no contamination 
and no preheating, these heaters allow 
the rapid processing of diodes, transis- 
tors, semiconductors and other miniature 
components. All units are designed for 
use on regular factory voltages of 220 
or 440 volts and special features include 
shock-proof, instant change coils and 
built-in current transformer. 

Circle 113 on Reader Service Card 


Microwave Diodes 

Two new broadband video detector 
microwave diodes, covering the 10 to 20 
kme frequency band, have been made 
available by Sylvania for use in counter- 
measures equipment, microwave link sys- 
tems, and similar applications. Type 
D-4104 has a minimum tangential sig- 
nal sensitivity of minus 40 dbm and a 
minimum figure of merit of 15. Type 
D-4104A has a minimum sensitivity of 
minus 45 dbm and a minimum figure of 
merit of 30. Both diodes use a non-tripolar 
coaxial package and have a maximum 
video impedance of 18,000 ohms. 

Cirele 115 on Reader Seirvice Card 


Drying Equipment 

A new line of drying equipment for 
compressed air, or other gases, has been 
announced by the Pittsburgh Lectro- 
dryer Division of McGraw-Edison Com- 
pany. The series has been designated 
“Type BZ.” Planned particularly for in- 
strument air service, BZ Lectrodryers 
feature simplicity and modern, functional 
design. Parts are interchangeable, and the , 
few moving parts are easily accessible, 
simplifying maintenance. Operation is 
completely automatic. 

Circle 114 on Reader Service Card 
(Continued on page 78) 
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Market News 
(from page 25) 


December 31, 1959 totalled $509,700 equiv- 
alent to 68 cents a share. This is an in- 
crease of 45% over net income for the 
comparable period the previous year 
when net income totalled $352,400. Since 
the company was not publicly owned at 
that time, per share earnings are not re- 
flected. 


Net sales for Accurate Specialties Co., 
Inc. and its subsidiaries for the six 
months ending December 31, 1959, were 
$539,500 compared to $255,700.00 for the 
same period a year ago. Net profit after 
taxes for this period amounted to $22,000.00 
or earnings of 7¢ per share based on 329,- 
600 shares outstanding. The company also 
reports an unfilled order backlog of $230,- 
000.00 compared to $90,000.00 a year ago. 


Directors of International Business Ma- 
chines Corporation declared a regular 
quarterly cash dividend of §.75 per share 
on the common stock, payable March 10, 
1960, to holders of record February 10, 
1960. The former quarterly dividend rate 
was $.60 per share. 


Sales 


The Department of Defense has re- 
cently reported that purchases of transis- 
tors for military electronics for the first 
half of 1959 were greater than for the en- 
tire year of 1958. 


1958 $37,190,000 
1959 $41,300,000 
(first half only) 


EIA has released the following chart 
comparing transistor sales from January 
through November 1959 with that period 
in 1958: 


1959 Units Dollars 
January 5,195,317 13,243,224 
February 5,393,377 15,550,056 
March 6,310,286 18,117,560 
April 5,906,736 16,864,049 
May 6,358,097 19,007,293 
June 6,934,213 18,031,593 
July 6,030,265 15,618,315 
August 7,129,696 18,054,138 
September 8,652,526 20,851,290 
October 8,710,913 22,109,748 
November 7,846,500 22,742,525 

Total 74,467,926 $199,189,791 

1958 Units Dollars 
January 2,955,247 6,704,383 
February 3,106,708 6,806,562 
March 2,976,843 6,795,427 
April 2,856,234 7,025,547 
May 2,999,198 7,250,824 
June 3,558,094 8,262,343 
July 2,631,894 6,598,762 
August 4,226,616 9,975,935 
September 5,076,443 10,810,412 
October 5,094,856 13,461,857 
November 5,440,981 12,441,759 

Total 44,423 144 $96,133,811 
Expansion 


Sperry Rand Corp. has paid $415,000 
for a 28 acre tract on Main Ave., Norwalk, 
Conn., on which they plan to build a new 
plant for their semiconductor division. 


Ferranti, Ltd., of Manchester, England, 
“has entered the transistor market with 
development of a double diffused mesa 
silicon transistor. By midyear they expect 
to reach an annual rate of production of 
25,000 units. These transistors will be 
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marketed in the United States through 
Ferranti Electric, Inc., N.Y. 


Taihei Denshi K.K., Tokyo, an elec- 
tronics firm is planning to build a 36,000 
square foot plant in the suburbs of Tokyo 
for the production of germanium diodes. 
The plant is expected to be completed in 
October and will then have a capacity of 
about one million units per month. 


Allegheny Electronic Chemical Co., 
Bradford, Pa., has begun a 33,000 square 
foot expansion of its silicon single crystal 
production facility. Full operation of 
this increased facility is expected this 
month. 


Erie Resistor Corp. has established the 
Electron Research Inc., a wholly owned 
subsidiary to take over the work of its 
semiconductor division. Their current 
production consists of 37 standard and 20 
special glass-packaged germanium diodes. 


A line of 412 different Germanium 
transistor types is now available from the 
newly-formed Electronic Transistors 
Corp., North Bergen, New Jersey. The 
412 Germanium transistor types are be- 
ing manufactured under a patent license 
agreement with the Western Electric 
Company. Electronic Transistors Corp. 
will manufacture, in addition to Ger- 
manium transistors, a complete line of 
silicon transistors. All conform to applic- 
able MIL specification. They will also 
produce power transistors in both semi- 
conductor materials. Sales representatives 
have been established in metropolitan 
New York, Northern New Jersey, South- 
ern New Jersey, Eastern Pennsylvania, 
Delaware, Maryland, the District of Co- 
lumbia, Virginia, Minnesota, Wisconsin, 
Southern California and Arizona. In addi- 
tion, sales representatives, to cover the 
entire United States, are now being con- 
sidered and will be appointed in the near 
future. 


Sperry Semiconductor has announced 
the appointment of Avnet Electronics 
Corporation, Westbury, New York as its 
exclusive distributor of all product lines 
in a 37-state area covering all states East 
of the Rockies. 


Distribution 


British import restrictions of American 
transistors have been lifted. 


Ratheon Co. has moved its New York 
bury, Conn., has named sales repre- 
sentatives in Philadelphia, Minneapolis, 
Syracuse, Newtown (Conn.) and Chelms- 
ford (Mass.) 


Raytheon Co. has moved its New York 
City regional commercial sales staff from 
New York City to Englewood Cliffs, N.J. 


Rheem Semiconductor Corp. has es- 
tablished a district sales office in Engle- 
wood, NW. 


According to the Finance Ministry, 
shipment of Japanese transistors to the 
United States in 1959 was approximately 
2,393,000 units as compared with 10,620 in 
1958. The shipment during the last quar- 
ter of 1959 dropped to 565,000 units, com- 
pared with about 1 million units during 
the previous quarter. 


Government Contracts 


Kemtron Electron Products, Inc., New- 
buryport, Mass. 


Semiconductor Device, MIL Type 1N23 
WE in a/w MIL-E-1117 dtd 14 Oct 195 
and Spec MIL-E-1D dtd 31 Mar 58 an 
Amend #1 dtd 29 Oct 58 S/N 5960-615 
4309, IFB  33-604-60-31----27000 e 
- - - $210600. 


No. American Electronics, Inc., Lyn 
Mass., $5,068.07 for 2 vary. items of semi 
conductor devices: Type 1N1355, IFB 
654. 


Sylvania Electric Prods., Inc., Woburs 
Mass., $25,247.20 for 3 varying items « 
semiconductor devices. Sil. diode rect: 
fier type IN23WC. IFB-480. 


Texas Instruments Inc., Dallas, Tes 
Transistor, silicon, Type 2N118 in a/; 
MIL-T-1950012 dtd 12 Dec 57—S/N 5960 
553-7016 - - -5700 ea.---IFB 33-604-60-2 
$50103 Transistor, silicon, Typ 
2N339, S/N 5960-630-5884, 1975 ea. - - 
Transistor, silicon. Type 2N332, S/N 5960 
630-5882, 4030 ea. 


A split award to General Electric 
Liverpool, N. Y., $160.00 for 1 item o 
transistors: Type 2N321; Texas Instr. 
Dallas, Tex., $478.00 for 1 item; Sterlin; 
Electronics, Inc., Houston, Tex., $12,881.2 
for 1 item; North American Electronics 
Lynn, Mass., $825,000 for 1 item: Raytheo1 
Co., Needham, Mass., $525.00 for 1 item. 
IFB-622, 


A split award to Philco Corp. Lansdal 
Tube Co., div., Lansdale, Pa., $4,760.75 fo 
2 varying items of transistors: Typ 
2N495; Texas Instruments, Dallas, Tex 
$3,783.50 for 1 item; Hughes Prods., Wew 
port Beach, Cal., $1,786.10 for 1 item 
IFB-595. 


A split award to U. S. Semiconductor 
Prods., Phoenix, Ariz., $258.50 for 1 iten 
of semiconductor devices: type 1N1365 
No. American Electronics, Inc., Wes 
Lynn, Mass., $3,250.00 for 2 varying items 
Rheem Semiconductor Corp., Mountair 
View, Cal., $1,060.40 for 1 item; Continen 
tal Device Corp., Hawthorne, Cal. 
$2,565.00 for 1 item. IFB-584. 


Pacific Semiconductors, Inc., Culve 
City, Cal., for 400 engineering test mode 
transistors and technical reports: $120,025 


APPLICATIONS 


[From page 59] 


(Fig. 35.2). Up to the point markec 
(1), this is just the old IBM “Y” circuit 
The cathode follower has been addec 
because of the difficulties found in at- 
tempting to correlate readings made bj 
different users and manufacturers; fo. 
example, minor differences in _ the 
length of the cable connecting the teste 
to the oscilloscope caused significan 
differences in recovery time measure- 
ments. ; 

Probably the most “accurate” re- 
covery time tester is the Bureau o: 
Standards circuit, which has been modi- 
fied (Pacific Semiconductors, Inc.) a 
indicated in the simplified schemati 
(Fig. 35.3). This cireuit avoids the 
problems associated with the use o: 
clamping diodes by the simple expe- 
dient of reversing the diode so that the 
forward pulse drives the triode int¢ 
cut-off; unfortunately there are othe 
problems with this circuit. 

[Circle 200 on readers service card] 
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tory — direct-to-you deal. 


sonic technology. 


SON 


My name is Paul M. Platzman, 


| pioneered the ultrasonic industry. Two well known ultra- 
sonic companies were founded by me. Now, | have created 
a new organization, Ultrasonic Industries, Inc., based on 
a revolutionary approach to mass producing and selling 
ultrasonic equipment. No middleman’s profit in this fac- 


Tremendous savings are passed on to you the customer bringing form- 
/erly high-priced ultrasonic cleaners within the range of everybody’s 
Abudget. My products stand out because of their distinctive appearance, 
unbelievably low money-back-guaranteed prices—tree five year sery- 
mice contract, and consistent trouble free performance under the most 
gruelling conditions. This is possible because my DiSONtegrator 
generators and transducers incorporate the latest advances in ultra- 


GRATOR® 


vs Take b= Ole Na 


ULTRASONIC CLEANER 
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including tank, con- 
necting cable and 
instruction manual 
(export model: 220V 
— 50 cycles $7.50 
extra) 


. . But Full '2 gal cap. 


Not Pint Size . 


The lowest priced ultrasonic cleaner ever sold! Buy ONE or 100 and Save! 
I INTRODUCTORY OFFER 


t Money Refunded (less shipping charges) if not completely satisfied. 


The DiSONtegrator System Forty ULTRASONIC CLEANER is attractively 


Styled, ruggedly-built, and work-tested to give a lifetime of trouble-free 
service. 


The DiSONtegrator Features: 


Simplified one knob control for easy operation. High Frequency sound 
waves disintegrate harmful soils and contaminants in seconds. 

Saves time and labor, boosts production rate, improves product. You 
an replace hazardous chemicals with safe solvents and even water. 


The DiSONtegrator works FAST 


In SECONDS you can disintegrate soils on: radioactive lab apparatus; 
glassware; medical instruments; test tubes, syringes, hypodermic 
needles; dental instruments, drills, burrs, false teeth, bridges; 
fossils and fossil foraminifera; electronic components, semi-conductors, 
crystals, switches, precision potentiometers; optical parts, lenses, 
plastic contact lenses, eyeglasses; timing mechanisms; small gear trains; 
miniature printed circuit boards; and hundreds of other items. 


In seconds you can remove: 

rust, oxides, shop dirt, dust, lint, preservatives, finger prints, machining 
chips, extrusion lubricants, paraffin, wax, paint, varnish, lacquer, plastic 
residue, resists, silicones, greases cooked food residue, blood, plaster 
of paris, lapping compounds, carbon, radioactive particles, polishing 
compounds, shale, diatomite, volcanic tuffs, clay and sand, graphite, 
Starches, cutting oils, heat treat scale, color stains, foundry sand, 
abrasives, quenching oil, salts, pitch, asphalt, tar, inks, adhesives, 
jewelers rouge, tripoli, resin flux, acid flux, many others. 


The DiSONtegrator is VERSATILE 


In addition to super speed, surgical precision cleaning it can be used to: 
brighten, quench, degrease, impregnate, decontaminate, pickle, etch, 
dip coat, emulsify, degas liquids, anodize, dye, mix, accelerate reactions. 


Ultrasonic cleaners are widely used 


in production lines, maintenance departments and laboratories. You 
should. have at least one DiSONtegrator if your field is Electronic, 
Optical, Glass, Clinical, Biological, Textile, Oil, Food, Paper, Dental, 
Plastic, Drug, Rubber, Wood, Chemical, Isotope, Geological, Agronomi- 
cal, Metallurgical, Anthropological, Paleontological, Petrochemical, 
Ceramics, Dairy, Brewery, Beverage, Confectionery, Laboratories, Photo- 
graphic, Paint, Bottling, Cosmetic, Pharmaceutical, Metal Working, Metal 
Finishing, Die-Casting, Foundry, Plating, Metal Treating, Automotive, Air- 
craft, Horological, Jewelry, Medical, Marine, Mining, Utilities, Power 
Plants, Instrumentation. 
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5-DAY TRIAL 


We will pay all shipping charges 
to any point within the con- 
tinental limits of the United 
States (not including Alaska and 
Hawaii), if you enclose check 
with order. 


tee. 
ay Btn expiration of t 
be furnished at P 


UNPRECEDENTED FREE 5 YEAR SERVICE CONTRACT 
The DiSONtegrator — System Forty is available from stock for im- 
mediate delivery in unlimited quantities. 


SPECIFICATIONS 


GENERATOR INPUT: 117 V, 60 cycle— GENERATOR OUTPUT: 40 W, 90 KC 
DIMENSIONS: GENERATOR: 10” Lx 7” Wx 534” H 


Tank [overall): 6%” L x 7” W x 61/2" H 
Tank (inside): 51,” L x 53,” Wx 4” D 
Tank (capacity): 0.5 gal. 


FOR THE FIRST TIME — you have a choice of 7 beautiful decorator 
colors to harmonize with your office or laboratory decor: Ivory, Wheat 
yellow, Turquoise, Desert sand, Pale green and Soft gray, and Coral 
pink. Please specify color when ordering. 


ORDER NOW 


TO: Ultrasonic Industries, Inc., Dept. 1-SCP-4 
141 Albertson Avenue, Albertson, L. 1., N. Y. i 


Gentlemen: Please ship DiSONtegrator® System Forty ‘ 
Unit(s) @ $99.95 ea.: O Ivory O Wheat yellow © Turquoise | 
O) Desert sand O Pale green UO Soft gray 


Gs: {] Coral pink 


is . | understand that my money will be refunded if not completely 5 
ultrasonic industries satisfied. after 5 day trial. 


INC. 


141 ALBERTSON AVENUE - ALBERTSON, L. I., N.Y. 
Ploneer 1-4333 


0 check enclosed (freight prepaid) (] C.0.D. 
CL) bil! me (rated firms only) (] Please put us on your mailing list i 


ee ee oe ee ee ne ee | 
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[TADANAC]SRAND Industry 


Special Research Grade 


ANTIMONY 


TADANAC Brand Special Research Grade CONFERENCE CALENDAR 


antimony is primarily developed for pro- The Following May 1960 Meetings Ah 
duction of intermetallic compounds such as 


indium and aluminum antimonides, Ne Scheduled: 

5a “ 2 eee ) ; | 
Me ea foes cde tote oneil 2008 May 1-5 Electrochemical Society Meeting, La Salle 
refined bars. These bars contain large Hotel, Chicago, Ill. 


crystals and have a very low oxygen content. 
Other TADANAC Brand high purity May 2-3 


metals or compounds include Special Research Sagal 
Grade indium and tin, High Purity Grade Standards Association Spring Meeting, Sher- 


bismuth, cadmium, indium, lead, silver, tin, aton Hotel, Philadelphia, Pa. For information: 
zine, and indium antimonide. Send for our Henry G: Lamb, Secy., Company Member 


Company Member Conference, American 


brochure on TADANAC Brand High 


Purity Metals Conference, American Standards Assoc., 10 


East 40th Street, New York 16, N. Y. 


() May 2-4 AIEE Northeastern District Meeting, Provi- 
dence, R. I. 


May 2-5 URSI-IRE Spring Meeting, Sheraton Hotel 
see tia REE coe eee Baa ines Washington, D. C. Sponsored by URSLI 
PGCT, PGAP, PGI, PGMT&T, PGIT. For 
Information: Mrs. Helen E. Hart, URSI 
Circle No. 32 on Reader Service Card USA Natl Committee, 2101 Constitution 
Avenue, Washington 25, D: C. 
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May 3-5 Western Joint Computer Conference, Fair- 
mount Hotel, San Francisco, California 
CENTRIFU GE Sponsored by PGEC, AIEE, ACM. For In- 
: formation: H. M. Zeidler, Stanford Research 
FOR Institute, Computer Tech. Lab, Engrg. Divi- 

sion, Menlo Park, Calif. 


Diode, Semiconductor and Transistor Testing 


May 6-7 2nd Annual Bay Area Reliability Seminar, 
Naval Post Graduate School, Monterey, Cali- 
fornia. Sponsored by IRE, PGR & QC. For 
Information: C. Bruce Clark, Stanford Re- 
search Institute, Menlo Park, Calif. 


May 9-12 Instrument—Automation Conference & Ex- 
hibit, Brooks Hall, San Francisco, Calif. 
Sponsored by ISA. 


May 10-12 Electronic Components Symposium, Hotel 
The CSI Centrifuge shown above is used for preforming centrifugal Washington, Washington, D. C, Sponsored 
accelerations of 20,000 G tests on transistors and semiconductor by PGCE AIEE, EIA, WEMA. For Informa- 


products. The rotor shown below on the left has 4 places. Others 
are available in 6 and 8 places. The rotor shown below on the Hous Gilbert Devey, Spranus Bloc tie Cos 


right has 56 test cavities. Ref.: MIL-T-19500A “Transistors, Gen. North Adams, Mass. 

Spec. for’’ 

May 16-18 Electronics Parts Distributors Annual Show, 
Conrad Hilton Hotel, Chicago, Ill. 


May 18-20 Electronic Industries Association Annual 
Convention, Pick-Congress Hotel, Chicago, 


Illinois. 
Brochure and Price Upon Request Pat. No. 2,699,289 May 23-25 7th Regional Technical Conference & Trade 
Show, Olympic Hotel, Seattle, Wash. Spon- 
CUSTOM SCIENTIFIC INSTRUMENTS, inc. sored by Region 7. For Information: Dr. 
541 Devon St. Tel. WYman 1-6403 Kearny, N.J. Frank Holman, Boeing Airplane Co., 10708 


39th Ave., S.W., Seattle 66, Wash. 
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News... 


ay 23-25 9th Nat’l Telemetering Conference, Miramar 
Hotel, Santa Monica, Calif. Sponsored by 
ISA, AIEE, ARS, IAS. 


ay 23-26 Design Engineering Conference & Show, 
Statler-Hilton Hotel, New York City. Spon- 
sored by ASME. 


fay 25-27 Armed Forces Communications & Electronics 
Association, 14th Annual Convention, Shera- 
ton-Park Hotel, Washington, D. C. 


fay 25-27 Industrial Communications Association An- 
nual Convention, Hotel Seville, Miami Beach, 
Florida. 


ESEARCH & DEVELOPMENT 


The Electronic Transistors Corp. has developed multi- 
eaded transistors to effect a further sub-miniaturization 
| transistorized circuits. The multi-headed transistor is 
combination of any type or types of transistors presently 
1 use. These combinations, for example, may include 
NP, NPN, Audio Frequency, Amplifier, Computer, Con- 
2rter, General Purpose, High Frequency, Low Frequency, 
itermediate Frequency, Low Noise, Matched Pair, 
fedium Frequency, Mixer, Oscillator, Radio Frequency, 
ub-miniature and Switching. These applications may be 
ymbined in every variation and combination desired as 
ach multi-headed transistor contains the individual tran- 
stor as per specifications in the multi-headed package. 
he combination of these individual transistors within the 
ulti-headed package creates no interference and has no 
mntact with any other transistor within the package. 
pplications run from computers to missiles, aircraft, 
sophysical use, entertainment, medical science, and hear- 
1g aids. 


Arthur L. Chapman, president of CBS Electronics, the 
anufacturing division of Columbia Broadcasting System, 
ic., disclosed recently that they have been engaged for 
ver a year in developing space-age products for the 
ital new field of microelectronics. Mr. Chapman said, 
[he scope of the CBS microelectronics program is broad. 
1 addition to computer memories, work has progressed 
| microminiaturized computer components and in many 
pes of microcircuits. Inverter circuits, for example, have 
ready been delivered to systems makers. CBS Elec- 
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VERTICAL TUBE FURNACE 
Carbon Resistor Type 


ge Rapid 
pace Ried 
t 
ontrol Heat-Up 
t 
- Rate 
5000°F. : 
gas be full-range 
minus 
safety 
20°F: y 
devices 


This Vertical Pereco Carbon-Resistor Tube Furnace (also avail- } 
able in horizontal design) was especially developed for the 
ultra-high-3500°-5000°F—temperature needs in both metallurgi- 
cal and ceramic investigations. Workload is raised or lowered 
hydraulically and rate of vibrationless movement, compatible 
with work needs, can be infinitely controlled through travel 
range. Many other important features! Ask for details ioday 
on this and other Pereco Furnaces. 


PERENY EQUIPMENT CO., INC. 


Dept. M, 893 Chambers Rd. Columbus 12, Ohio 
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NEW 
SERVICE 
NOW 
AVAILABLE 


SEMICONDUCTOR PRODUCTS is making a new 
source of information available to all firms interested 
in being kept up to date on materials or equipment for 
producing semiconductor devices. If you wish to receive 
all new literature on silicon, germanium, chemicals, 
machinery, or other such materials, circle +99 on the 
reader-service card. Your name will be placed on a 
special list which will be forwarded to all such sup- 
pliers. As these suppliers have news available in their 
field, you'll be notified by them immediately. This sery- 
ice is restricted to firms manufacturing semiconductor 
devices or firms contemplating entering into produc- 
| tion within 120 days. 
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Useful applications: 

@ Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 

@ Continuous or batch analyses 
of moisture in a wide variety 
of gas. streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 


matic control and recording 
units. 


All Model W analyzers include flow indicators 
Write for complete information 


MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 


10 Sunset Lane, Hatboro, Pa. 
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MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 


Vacuum connected unit with 
adjustable alarm 


KANTHAL laboratory furnaces 


Proven dependability, long life and low cost make 
these Kanthal furnaces ideal for a wide range of gen- 
eral laboratory and production applications. For inter- 
mittent temperatures to 2460°F, furnaces are designed 
fo take fullest advantage of Kanthal REH ceramic tube 


elements, wound with world recognized Kanthal A-1 
resistance alloy. 


Furnaces are supplied complete, ready for use. Type 
RH-1 includes thermocouple and safety fuse. Type 
RH-2 is furnished with transformer and either tempera- 
ture indicator with manual timer or fully-automatic 
temperature controller. Standard chamber I.D.’s are 
1-9/16", 2-3/4” or 4” in either 7-7/8" or 19-3/4” 
lengths. Elements and parts also available separately, 
Write for brochure. 


Gent roe KANTHAL conrorsion 


Can. Rep., Ferro Enamels, Ont., Can. 
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tronics fabricates both the active components (transistor 
and diodes) and passive components (resistors an 
capacitors) which are the integral elements of micro 
electronic units. Pictured below is a thin-film memory 
part of the microelectronics program. 


The Lansdale Division of Philco Corporation announce 
the recent development of germanium Micro Allo: 
Diffused-base Transistors (madt) having cadmium elec 
trodes and featuring high speed and high power dis 
sipation. Designed in response to industry’s demand fo 
high current, high power, high frequency switchin 
performance, the new madt devices have application 
which primarily include incorporation into data process 
ing systems (memory drivers, transmission line drivers) 
oscillators and communications equipment. The extremel: 
low thermal resistance inherent in cadmium gives thes 
units excellent heat dissipation characteristics obviat 
ing excessive heating of transistor junctions and thu 
providing longer life performance. These devices operat 
at extremely high frequencies as oscillators and amplifier 
in the vhf and part of the uhf range. In computer: 
these transistors act as super-high speed switches. The 


achieve their high frequency performance through ~ 


built-in electric field, which speeds current carriers fror 
emitter to collector. Electrochemical processing technique 
developed by Philco have provided outstanding produc 
uniformity in the manufacture of these reliable hig 
frequency transistors. 


A new germanium mesa transistor which operates i 
the low microwave frequency region and a very wid 
band amplifier employing this transistor have recentl 
been developed at Bell Telephone Laboratories. In orde 
to achieve such high frequency operation, the dimensior 
of the new transistor have been cut down so that th 
total area of the active region is less than the cross 
section of a human hair. The amplifier employs transmis 
sion line construction, consistent with the transistc 
encapsulation. 

The device is a diffused-base, alloyed-emitter, PN 
mesa transistor, designed for application as an oscillate 
at 3 kmc, or as an amplifier at 1 kmec and below. Th 
mesa is only 1.8 mils (thousandth of an inch) long, an 
1.5 mils wide. Three metal stripes, each 3/10 mils wic 
by 1-1/2 mils long, are evaporated onto the surface of th 
tiny plateau and alloyed into the semiconductor. Gol 
wires 2/10 of a mil in diameter are used for making cor 
nections. The diffused base of the transistor is only 1 fe 
mil thick. The amplifiers have shown excellent stabilit 
and the noise figure measured at 200 me is 5.5 db wit 
the feedback loops open. 
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MANUFACTURING 


FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


JOHNSON & HOFFMAN 


C.O.R.P OR AT 410-N 


381East 2nd Street + Mineola, New Yorks Pioneer 2-3333 
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JUST 
OFF THE 
PRESS 


’70 FACT-FILLED PAGES 
71 PHOTOS and DRAWINGS 
3 YEARS of EDITING 


SOMPLETELY NEW SOURCE BOOK 


This new reference book on Indium will 
find its place in hundreds of university 
and technical libraries in many countries. 
It will be a worthy companion to re- 
search-minded engineers — everywhere! 


PRIVATELY 
PUBLISHED 


includes annotated 
bibliography 


sporting concisely on all 
fritings about Indium 
roperly indexed and sec- 
onalized for reference. 


Write for information bulletin today. 


SINCE 1934 PIONEERS IN THE DEVELOPMENT 


AND APPLICATIONS OF INDIUM FOR INDUSTRY 


FARS OT EXPERI 


DILWINA 
IDNA) 


HE I N DI U M CORPORATION OF AMERICA 


1676 LINCOLN AVENUE 
UTICA, NEW YORK 
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AQUSTRITE 
°W CHAIRS » STOOLS 
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JUST LIFT SEAT TO DESIRED HEIGHT 


| Aad 3 : — EC D B et \ 
ly ‘ SPECIAL CHAIRS FOR WHITE ROOMS 


AND DUST FREE AREAS 


e All Enclosed Mechanism 


(* e No Oil or Grease 
s e All Chrome Plate Finish 
el e Easily Cleaned 
ww : e@ 12 Ga. All-Steel Seat; 14” x 1534"- 


Waterfall Form. Sand Blast Sur- 
face. Adjusts 18’’ to 26’. 
@ 12 Ga. Steel Backrest; 6’’ x 1334 '’— 
with tempered steel backrest sup- 
Model port. 6 inch horizontal adjustment. 
CSSC-1826-CP Backrest folds down to make easy 
4 cleaning. 
f = ¢| @ Cast Iron Base; 20-inch spread, 
ha» = a 1%" steel glides. 
ae Other White Room chairs with lac- 
quered plywood seat and backrest. 
FREE TRIAL Use an AJUSTRITE chair 
for 30 days without obligation. Prove 
to yourself the many advantages 
AJUSTRITE offers in comfort, utility 
and economy. Write today—we’ll do 
the rest. 


10 YEAR GUARANTEE 
32 Models for Factories « Schools « Laboratories ¢ Hospitals « Offices 


AJUSTO EQUIPMENT CO. 


BOWLING GREEN, QHIO 


521 CONNEAUT ST. - 
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f sd Instantanecously! 


Transistor Frequency (ft) Response Meter 
Model F-20 


SPECIFICATIONS: 
© Frequency Range (f-) 
® Accuracy 
© Power Consumption 

(exclusive of transistor under test) 
© Self contained collector 

bias voltage for transistor under test 
® Self contained emitter 

bias current for transistor under test 
® Size 


FEATURES: 


© Direct reading, fp, in mc/sec 

© hye by simple calculation 

© Polarity PNP, NPN 

© Simple, direct, and precise instrument 
calibration 

© Provision for external biasing of transistor 
under test beyond Vop—15 v, Inp— 
10 ma 

e Provision for automatic recording 

© Transistorized; Long Life 

© Self contained; battery powered, ready 
for immediate operation 


Meteculan'$ Electionie 


443 West 50th ok e New York 19, N. pata | 


50-750 mc/sec 
Sal WA 

Less Than 250 
Milliwatts 


0-15 volts in 

1.5v_ steps 

0-10 ma in 

1 ma steps 

4” Wx9’Dx9”H 


APPLICATIONS: 
® Tests all transistors, silicon or germanium, 
within frequency range 


© Suitable for laboratory testing and eval- 
vation 


© Suitable for production testing 
® A tool for transistor design 


© Suitable for determining frequency re- 
sponse variation with bias voltage and 
current 


© Rapid Testing 
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New Products 
(from page 71) 


Silicon Varactors 

Three miniature silicon “pill” varactors| 
have been introduced by Microwave As-. 
sociates, Inc. intended for use in para- 
metric amplifiers in which variations in! 
stray susceptance effects must be kept to 
a minimum. Other applications for these: 
diodes include stripline circuits, modu-- 
lators for frequency synthesis, harmonic | 
generation at the higher microwave fre-. 
quencies and sub-harmonic oscillators | 
for microwave computers. Overall di-' 
mensions are 4%” maximum length by 4" ' 
maximum diameter. The package shunt 
capacitance is approximately 0.2 uf. Se-. 
ries lead inductance is on the order of: 
10-* henries. 
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Power Supply 

A five ampere transistorized power 
supply which regulates for constant cur- | 
rent is announced by Industrial Measur- 
ments Laboratory. Designated Model 
PCR-101, the supply has been developed 
especially for laboratory use in connec-. 
tion with battery development and elec- 
tro-deposition. Its constant current char- 
acteristic also makes it highly suited to 
laboratories concerned with lamp and 
filament development, thermistors, diodes, 
meter calibration, low resistance measure- 
ment, and magnetic devices. 
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“Electronic-Grade” Solvents 

For the electronics industry, where ul- 
tra-high purity solvents are required in 
the processing of delicate parts, the Fisher 
Chemical Manufacturing Division has de- 
veloped 3 solvents: ‘“Electronic-Grade” 
Acetone, Trichloroethylene and Methyl 
Alcohol. Each is individually lot-ana- 
lyzed (including conductivity test), and 
is ready to use as a bath to remove water, 
grease, grit and other materials without 
leaving contaminants behind. 
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Acid Bright Gold 

Technic, Inc. announced the develop- 
ment of Orotherm HT, a 24Kt Acid Bright 
Gold, which is an entirely new gold com- 
plex offering many new application possi- 
bilities, especially where heat resistance 
is specified. Some of its features are: Heat 
resistance 400°C—5 hours minimum, no 
strike solution required, 24Kt deposit—not 
an alloy, greater wear resistance, greater 
electrical conductivity, wide current 
density range 1-20 ASF, increased hard- 
ness —150 +Knoop, wide temperature 
range 60° —115° F, exceptional throwing 
and covering power. 
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Constant Current Power Supply 

John Fluke Mfg Co., Model 351A rack 
mounting Power Supply is a general pur- 
pose precision laboratory instrument with 
a wide range of applications including the 
calibration and testing of instruments, 
meters, semiconductors, torque motors, 
bolometers and other constant current 
applications. It also is an invaluable aid 
to the development of transistor and mag- 
netic circuitry. Model 351A is adjustable 
in one microampere increments and pro- 
vides regulation to better than 0.01% with 
an output of 0 to 100 ma at a maximum of 
100 volts. 
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Andrew J. Syska, 
Hayes Research & Development 
Engineer Reports... & 


KNOW-HOW IS VITAL 
+ IN GAS AND 
LIQUID DRYING 


When we developed the Molecu- 
* Dryer®—a unit specially designed 
* to take advantage of the remarkable 
drying, sweetening, and purifying 
capabilities of Linde Company’s 
Molecular Sieves—our chief inter- 
est was in drying protective atmos- 
pheres (hydrogen, dissociated am- 
monia, etc.) for metallurgical work 
—to dewpoints well below —100°F. 
A natural outgrowth of the Molecu- 
Dryer was the Nitro-Gen* —an au- 
tomatic cycling generator which 
produces low cost, high purity ni- 
trogen for blanketing, purging, pro- 
tecting. Our engineering people have 
also explored whole new worlds of 
gas, liquid, and atmosphere drying 
and separating problems. 


NEW DRYING NEEDS 
APPEAR DAILY 


In manufacturing transistors, for 
example, the Molecu-Dryer has 
been able to effect big economies by 
supplying moisture-free air in place 
of tank nitrogen to protect tran- 
sistor assembling and sealing opera- 
tions. Other current projects: in- 
strument air drying, gaseous COg 
drying, gas separating ... also dry- 
ing and separating of liquid or 
gaseous hydrocarbons. 


EQUIPMENT DESIGN 
IS DYNAMIC! 


Each new area of work has ne- 
cessitated engineered application of 
standard or special Molecu-Dryer 
models, to provide optimum ad- 
sorption efficiency, top capacity at 
minimum equipment cost, job-coor- 
dinated cycle times, and fast desorp- 
tion and cooling. 


¥. 


EPIRA 


sCE IT Sete) 
oa GLP PR ELCBAIS 


GALEN EE AR LAL aap) «0 


PMLA GAMA Aa aig Ou gd RPS 


For a comprehensive picture of 
the Molecu-Dryer, write for Bul- 


in 5 
letin 5703. “Hayes TM 


Cc. I. HAYES, INC, 


847 Wellington Avenue * Cranston 10, R. § 
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Diode Test Set 

A new instrument, capable of generat- 
ing and displaying the millimicrosecond 
recovery characteristics of ultra fast 
switching diodes on conventional oscil- 
loscopes, has been announced by Luma- 
tron Electronics, Inc. Model 510 includes 
a test fixture for rapid, manual insertion 
of coaxial lead diodes, a metered regu- 
lated power supply, a mercury switching 
type pulse generator, a wide band delay 
unit and a millimicrosecond sampling 
converter. The fixture has a coaxial struc- 
ture and includes all necessary compo- 
nents to display the recovery character- 
istics of extremely fast diodes. 

Circle 117 on Reader Service Card 


Measuring Equipment 

New Semiconductor Lifetime Measur- 
ing Equipment in a single package with 
improved versatility, operating conven- 
ience and higher sensitivity is announced 
by Electro Impulse Laboratory. Lifetimes 
from 1 microsecond up are measured. The 
equipment is fully sheilded with extra- 
neous noise eliminated and is completely 
self-contained. The only additional equip- 
ment required is a good scope. Simple 
operation and fast results. Exceptionally 
suitable for production testing of semi- 
conductor materials. 
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Noise Diode Tube Mount 

A new tube mount manufactured by 
DeMornay-Bonardi provides a convenient 
means for coupling a gas diode noise 
source to a standard-size waveguide. The 
gas diodes are sources of random noise 
for use in measuring the overall noise 
figure of microwave receivers. Unit is 
used with standard tubes. Mis-match will 
not exceed 1.15 VSWR, thus insuring 


practically perfect energy transfer from 
gas plasma to waveguide output. Noise 
output is 16 db for all sizes. 

Service Card 
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Telephone Battery Chargers 

A line of silicon-rectifier chargers has 
been developed by Exide Industrial Divi- 
sion of The Electric Storage Battery Com- 
pany. These Telephone Rectifiers (TR’s) 
convert alternating current to the direct 
current required for battery charging. 
They are controlled by highly reliable 
magnetic amplifiers which, with voltage 
reference and sensing circuits, automatic- 
ally maintain proper floating or equal- 
izing voltages at the battery terminals. 
Voltage regulation within plus-or-minus 


one percent extends over the complete 
range, from zero to full load. 
Circle 121 on Reader Service Card 
Automatic Transistor Test Set 
Designers for Industry, Inc., has de- 


signed a set to automatically test trans- 
istors. The test set will convey transistors 
at a maximum rate of 2400 units per 
hour through a line of 14 test stations. A 
series of up to 38 tests are performed, in- 
cluding tests for orientation, short cir- 
cuits, 15 d-c tests and 21 a-c tests. 
Loading of transistors on the chain is 
done manually. All other operations are 
automatic. Four types of environmental 
units can be supplied. One raises the 
temperature to 85°C by controlled air 
heating. A refrigeration unit lowers tem- 
perature down to —55°C. 


Circle 125 on Reader Service Card 


APRIL 1960 


DOES 
YOUR 
CIRCUIT 


NEED A 
a 


THIS NEW GE 
KSR+ TANTALYTIC* 
CAPACITOR 

PACKS A LOT OF 
CAPACITY INTO A 
LITTLE SPACE 


FOR EXAMPLE: 


3500 MFD at 15 volts 
Size: 1.275” x .75” x 2.5” high 


The new designs provide up to 
50% reduction in weight, and 
30% reduction in required space, 
when compared to other foil 
tantalum units. They also cost 
less per volt-microfarad. 


ji Send for Special Bulletin 


ELECTRONICS 


60 HERRICKS ROAD, MINEOLA, L.1., N.Y. 
PIONEER 6-6520, TWX G-CY-NY-580U 
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your direct factory source for 


EMI-CONDUCTORS — 


Texas Instruments + Philco + RCA 
Hoffman + Hughes - General Electric 
Pacific Semi-Conductor + Sylvania 
Sarkes-Tarzian + International Rect. 
Raytheon + Motorola and others... 


same day delivery from stock 


Write for catalog and 
semi-conductor directory 
on your letterhead 


phone: — 
HAymarket 1-6800 


TWX: CG-2898 


FASTEST SERVICE IN ELECTRONIC SUPPLY 


ALLIED RADIO 


100 N. Western Ave., Dept. 182-D 


our 39th year 
Chicago 80, Ill. 


WRITE DIRECT TO ADVERTISER ABOVE 


eeoe@eeeeeeee#esee&seseee ee 
for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing ‘‘thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 


with NEW 
BIRTCHER 


at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in 


DIODE 
RADIATORS 


new or existing equipment. 
To fit all popularly used 
power diodes. 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
eee REALS ARE AVAILABLE ONLY FROM 

RTCHER CORPORATION AND THEIR 
FOR CATALOG SALES REPRESENTATIVES. 


and, THE BIRTCHER CORPORATION 


test data write: A i Rela 
industrial division 
4371 Valley Blvd. Los Angeles 82, California 


Sales engineering representatives in principal cities. 
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Transistor Pulse Transformers 

The development of the Type BME 
series of hermetically-sealed submini- 
ature low power pulse transformers for 
use with transistorized blocking oscillator 
and interstage coupling circuits, has been 
announced by Technitrol Engineering 
Company. Units are available in a range 
of pulse widths from 0.05 to 5.0 usec at 
repetition rates up to 10 mc and in three 
grades: Commercial Grade, operating at 
temperatures from —25°C to +105°C; MIL 
Grade, operating from —55°C to +105°C 
meeting Grade 5, Class R requirements of 
MIL-T-27A and MIL-T-21038; and X- 


Grade, which meets all MIL Grade re- 
quirements and has an increased tem- 
perature specification to +150°C. 
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Power Supply 

Matthew Laboratories introduces its 
Model UCS-200 Bantam Size Constant 
Current Regulated Power Supply de- 
signed for the powering of solid state 
equipment on the bench or in the rack. 
Transistor and zener diode regulated, it 
measures only 4.75” wide by 4.5” high by 
6.25” deep while providing up to 400 
milliamperes at a maximum of 30 volts. 
Regulation is better than 1% against line 
and no load to full load variations. Ripple 
is less than 5 Mv. 
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Disc Thermistor 

The VECO 34D4 disc thermistor is now 
available for the first time as a stock item 
from Victory Engrg. Corp. Previously 
made only to order, its resistance is 
matched to a nominal resistance versus 
temperature curve within +5%. The 


built-in accuracy and reliability make 
it ideally suited for temperature com- 
pensation or temperature measurement. 
ment. 
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BACK ISSUES 
AVAILABLE 


1.00 each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—March, May, Sept, Nov 
Dec. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N. Y. | 


¥; 
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New 


Literature 


A technical data sheet describing the 
hysical properties of partially coated 
1etals used as base tabs in the manu- 
acture of transistors, or as a_ solder- 
oated part acting as its own preform, 
; now available from Alpha Metals, Inc. 
acluded in this data sheet is a descrip- 
on of the metals and alloys that can 
e coated through this new Alpha proc- 
ss and the physical properties of the 
lloy-coated metals. The dimensional 
ange of base materials and full or par- 
ial coatings are listed. 
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Publication of a semiconductor engi- 
eering guide keyed to the needs of both 
he engineer and the purchasing agent 
as recently been announced by the 
ndustrial and Government Division of 
tadio Shack Corp. The book includes 
wo listings of the semiconductors of nine 
1anufacturers: in sequence by parameter 
nd function, and a list by transistor and 
jiode type number. An additional innova- 
ion is the section of dimensioned mount- 
ag diagrams. 
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Lindberg Engineering Company an- 
ounces the availability of Bulletin No. 
081. This new literature describes and 
llustrates a line of gaseous and solid 
iffusion furnaces for the manufacturer 
f transistors and semiconductor devices. 
‘he bulletin includes a chart of technical 
pecifications of the single zone, two zone 
nd multi-zone types as well as illustra- 
ions and technical application data on 
everal of the Lindberg diffusion fur- 
aces. 
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A new 24 page catalog covering its line 
f sub and micro-miniature hermetically 
ealed relays has been made available by 
‘iltors, Inc. Designated as catalog num- 
er four, the multi-colored book includes 
omplete specifications on the firm’s 
Powrmite” series micro-miniature re- 
ays and its numerous sub-miniature 
ypes. The catalog includes information 
n mounting styles, available terminal 
ypes, sockets, ordering data, and dry 
ircuit information. 
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A new 6-page bulletin on Ledex her- 
1etically-sealed stepping and_ selector 
witches that are stocked for immediate 
elivery has been published by G. H. 
.eland, Inc. The bulletin (D-1059) sup- 
lies complete physical, performance and 
nvironmental data. It also contains 
hotographs and line drawing of all mod- 
Is—ranging from a 2-pole, 2-position 
tepper weighing less than 12 oz. to a 
4-pole, 2-throw unit that weighs only 
Ibs. 4 oz. 
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Marshall Products Company has issued 
specification sheet on the new 58-HD 
acuum hot hardness testing furnace that 
acludes complete engineering data on 


construction and performance. Introduced 
earlier this year, the 58-HD furnace was 
designed for hardness tests on metals at 
temperatures up to 3000°F. in a vacuum 
range of 1X10-* mm mercury. 
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Newly-formed Electronic Transistors 
Corp. has issued Availability Catalog 
#AO-1 of Germanium Transistors (for 
interchangeability). The company’s line 
of 412 different germanium types will in- 
clude switching, computing, entertainment 
and industrial transistors. Folder lists type 
numbers, description and applications. 
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Victory Electronics, Inc. has issued a 
catalog sheet on their Victory Variant 
space saver power supply. Illustrates uses, 
models available, physical sizes, other 
specifications. 
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Jones & Lamson Machine Company 
has issued Catalog 5700 giving complete 
information on their Optical Compara- 
tor and Universal Measuring Machine. 
Contains applications, operation, models, 
features and_ specifications, standard 
charts, standard fixtures, special charts 
and fixtures, accessories, lens data, model 
specifications. 
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Monsanto Chemical Company’s Inor- 
ganic Chemicals Division has announced 
the publication of a new technical bulle- 
tin on Santocel A, a silica aerogel used 
for thermal insulation. The bulletin con- 
tains product descriptions covering chem- 
ical, physical and structural properties, 
in addition to shipping and handling 
notes and suggestions as to use. 
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New paper, 6 pages describing metallur- 
gical properties, operational data, and 
uses of a patented acid-type industrial 
gold electroplating formulation, trade- 
marked Autronex, is offered by Sel- 
Rex Corporation. The technical exposi- 
tion covers in detail the composition of 
this low pH gold formulation for indus- 
trial applications. Deposit characteristics, 
corrosion resistance, equipment require- 
ments, solution makeup and maintenance, 
gold consumption, trouble shooting, ana- 
lytical procedures, metal content chart 
are carefully outlined. 
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Full-color sheet gives complete infor- 
mation on new color range in flexible 
insulators for Mueller Clips, created for 
quick, easy and positive identification of 
clip-equipped electric leads. Sheet sets 
forth many advantages in testing, identifi- 
eation, and product appeal gained by 
fuller use of the new color range. 

Circle 153 on Reader Service Card 


Flexible silicon power rectifiers, which 
can be built to supply virtually any de- 
sired voltages and currents, are described 
in a new bulletin published by I-T-E Cir- 
cuit Breaker Company. The eight-page, 
two-color illustrated bulletin furnishes 
information to aid engineers, consultants 
and scientists in such fields as electro- 
chemical, industrial and research. The 
bulletin describes such features as space- 
saving, high reliability and efficiency, and 
low maintenances. 
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100 Sylvan Road - 


ENGINEERS 
The Dichotomy 
ojthe | 
Semicon taciar 
Ferny 


is 
BIGGER PROBLEMS 


Each successive advance made in 
paramagnetic amplifiers, transistors, 
silicon devices, crystal diodes and rec- 
tifiers at Sylvania’s Semiconductor Di- 
vision opens broad new areas to probe 
and exploit in order to advance the 
state of the art. Directing their efforts 
toward the design and development 
of smaller, more reliable devices with 
enhanced capability, Semiconductor 
Division engineers are continually fac- 
ing problems of increased complexity. 
To solve these problems requires men 
with the ability to direct their profes- 
sional skills into areas that lie beyond 
the frontiers of today’s knowledge. 

To men with this unique ability these 
positions are immediately ayailable: 


SEMICONDUCTOR 
DEVICE ENGINEERS 


These positions allow responsibility for 
phases of the development of device proc- 
esses and the maintaining of a pilot line, 
improving processes, maintaining engineer- 
ing line and followup of engineering tests; 
work with a device development group on 
the electrical ace of high frequency 
transistors includ the electrical evalua- 
tion and correlation, of electrical data with 
device parameters; devise design analysis 
on transistor structures, electrical charac- 
terization of device structures on a statis- 
tical basis and maintenance of process 
yield and design specification statistics: 
and other similarly challenging work. Re- 
quired are a BS degree in Physics, Elec- 
trical Engineering or a similar field—and 
experience in semiconductor device or re- 
lated work. 


SR. ENGINEER FOR CHEMICAL 
ANALYSIS & PHYSICAL TESTS 


Work with ductility of material. viscosity 
of fluids, etc. of materials used in the 
engineering and production areas: develop 
special processes and write specifications. 
Minimum BS Chemistry or Chemical En- 
gineering: prefer 3 years background in 
enaurn chemistry, industrial or aca- 
emic. 


SR. ENGINEER—SEMICONDUCTOR 
ALLOYING TECHNOLOGY 


To lead a group of technical people work- 
ing on the basic facts of chemical and 
metallurgical aspects of semiconductor al- 
loying technology relating to useful infor- 
mation on alloying techniques and ohmic 
contact processes of semiconductor devices. 
BS, MS or PhD—if experienced in metal- 
lurgy, physical inorganic chemistry or re- 
lated field. Will consider inexperienced 
PhD in metallurgy. 


Please send resume to 
Mr. Arthur Sloane 


SEMICONDUCTOR DIVISION 


SYL 


Subsidiory of GENERAL TELEPHONE & ELECTRONICS S&S 


Woburn, Mass. 


Let us 
show you 
how our 
precision 
wire forms 
CUT 
COSTS! 


.” TERMINAL 
LEADS FOR RESISTORS, DIODES, 
TRANSISTORS, CAPACITORS, ETC. 


FOR THE HERMETIC SEAL INDUSTRY 


Send a 
sample or blue print 
for estimates. 


When Art Wire tackles the job, big gains in 
precision and uniformity. are possible on 
small components. . . resulting in big sav- 
ings in time and production costs. In addi- 
tion, Art Wire’s modern production methods 
produce a wide variety of components more 
economically. 

Art Wire specializes in wire forms designed 
for today’s automatic production lines . . . 
manufactured to assure the economy of an 
uninterrupted work flow. 


ART WIRE AND STAMPING CO. 


29 Boyden Place, Newark 2, N. J 
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Personnel Notes 
(from page 20) 


Dr. Arthur Bramley, well known solid 
state physicist, has joined the electronics 
section of Republic Aviation Corporation’s 
scientific research staff, it was announced 
recently. Dr. Bramley is a Fellow of the 
American Physical Society and the Amer- 
ican Association for the Advancement of 
Science. He is a member of the Institute 
of Radio Engineers and the American 
Chemical Society. During his career he 
has obtained nine patents, dealing prin- 
cipally with electroluminescent displays, 
solid state diode fabrications and isotope 
separation. At Republic Dr. Bramley is 
engaged in a program of solid state re- 
search. 


A major expansion of the Research and 
Development Department of General In- 
strument Corporation’s Semiconductor 
Division, involving addition of key scien- 
tific and engineering personnel and trip- 
ling of laboratory space at the Division’s 
Newark, N.J., facility, is announced by 
Maurice Friedman, Vice President and 
General Manager of the Semiconductor 
Division. Dr. Frank S. Stein, formerly 
Manager of Device Development at West- 
inghouse Electric Corporation’s Semicon- 
ductor Department, has joined General 
Instrument as Manager of the Semicon- 
ductor Research and Development De- 
partment, under over-all direction of Mr. 
Friedman. 


Appointment of William R. Meoli as 
Vice President and Sales Manager of 
Veeco Vacuum Corporation was an- 
nounced recently. Mr. Meoli joined the 
company in 1955 and has served as Chi- 
cago regional sales manager, and assist- 
ant sales manager: He is a graduate of 
Polytechnic Institute of Brooklyn and 
received a Bachelor of Science degree in 
Electrical Engineering. He is a member 
of the American Vacuum Society. 


David J. Hall has joined the Electronic 
Chemicals Division of Merck & Co., Inc. 
as a sales engineer. He will be concerned 
with the sale of silicon for use in elec- 
tronic devices and will cover the metro- 
politan New York area and the mid-west. 
Mr. Hall brings to Merck a varied ex- 
perience as an engineer, consultant and 
sales engineer in the electrical, electronic 
and instrumentation fields, encompassing 
18 years. 


Jon H. Myer has been appointed man- 
ager of the newly-created materials de- 
velopment and supply laboratory of 
Hughes Aircraft Company’s semiconduc- 
tor division, it was announced by Dr. 
Richard A. Gudmundsen, manager of the 
division’s research and development lab- 
oratories. The new lab will develop and 
supply new semiconductor materials to be 
used in the production of subminiature 
diodes, transistors and rectifiers, Dr. 
Gudmundsen said. Mr. Myer, who joined 
the Hughes semiconductor division in 
1953, has been head of the technical serv- 
ices department. 


The appointment of Dean M. Unger as 
product line manager, germanium mesa 
transistors for the Semiconductor Divi- 
sion of Sylvania Electric Products Inc. 
has been announced by Elmer J. Perry, 
divisional manufacturing manager. Mr. 
Unger, who has been manager of device 
engineering for the division since 1958, 
joined Sylvania in 1953 as a physicist at 
Ipswich, Mass. 


How To Get Things Done: 
Better and Faster 


BOARDMASTER VISUAL CONTROL 


% Gives Graphic Picture — Saves Time, Saves 
Money, Prevents Errors 

% Simple to operate — Type or Write on 
Cards, Snap in Grooves 

% Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

te Made of Metal. Compact and Attractive. 
Over 500,000 in Use 


Full price $4g°° with cards 


[REE | 


Write for Your Copy Today 


GRAPHIC SYSTEMS 


Yanceyville, North Carolina 
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24-PAGE BOOKLET NO. CT-10 
Without Obligation 


CURRENT GOVERNOR 


Model CS-117 


fot Constant Current 


@ Precision Current Source 
@ Gyro Torquer Supply 
‘ © Transistor and Diode Tester 
» High Acura’ 


y on 
» Excellent Sguentie mmable 


For testing and measurement of gyros, 


transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 
e Current Range is 0.1a to 150 ma with 
6 decade multiplier 
e Regulation and stability 0.002% — 
@ Accuracy 0.005% 


tn use by leading companies for gyro 

torquer supply, transistor avalanche test, 

diode PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1yua to 
30 amp. may be obtained from: 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 
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AVA LABLE NOW! | Semiconductor Products, | 
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| Dept. MG | 
BOUND VOLUME 300 West 43rd Street, 
4 | New York 36, N. Y. | 
Proceedings of the 2nd 
Conference on Nuclear Ra- WE Tae PS Ste camo rats copylies) of ‘Proceedings’ @ | 
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diation Effects on Semicon- 
ductor Devices, Materials Noite 1.2 rit enna eee seen 
and Circuits. | 
. Adar O88 sb icd.: 6c cies ee aie 
Limited Edition of this ! | 
0. Se a Zz Stabe Sane: | 
Once-A-Year Symposium | _ one es: | 
| New York residents, add 3% sales tax | 
AVOID DISAPPOINTMENT — OR- : i 
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tains 23 Papers, Complete With 
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—High Vacuum— 
0.0001 mm Hg. or 0.1 Micron GUARANTEED 
—Large Capacity— 
FREE AIR CAPACITY 425 Liters Per Min. 


Welch DUO-SEAL. 
VACUUM PUMP 


TWO-STAGE CONSTRUCTION 
with 
VENTED-EXHAUST 


PATENT 2,885,143 


Removes Vapors 
speedily and effectively 


Performance Tested 


Quiet Operation 


No. 1397-B 


1397-B. DUO-SEAL VACUUM PUMP. Mo- 
tor Driven. For 230 Volts, 60 Cycles, 
A.C, Each $645.00 


A belt guard is included with the 
mounted pumps. 


1387-C. DUO-SEAL VACUUM PUMP., Mo- 1397. DUO-SEAL VACUUM PUMP, Un- 
tor Driven. For 230 Volts, 60 Cycles, mounted. With pulley, but without motor, 
A.C. Each $645.00 belt or base. Each $525.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. SC, Chicago 10, Illinois, U. S. A. 
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FREE ANALYSIS 


OF YOUR DIFFICULT 
MACHINING PROBLEMS 


Manufacturers Engineering & 
Equipment Corp. 


Merck & Company, Inc. 


Micromech Manufacturing 
Corp... .csehsees oor 20, 21 


Covers TTA & IIB 
Molecular Electronics, Inc. .... 78 


Monsanto Chemical Co. 


North Hills Electric Co. 


Penfield Manufacturing Co. .... 13 
Pereny Equipment Co. . 


Philco Corporation, 
Lansdale Division 


Pure Carbon Co., Inc. 


Chops time from 20 hours to 30 minutes drilling and Raytheon Compsny, 
notching Silicon Carbide waveguide inserts 

PROBLEM: Drill two .062” + .001 Toe a fant of alt Z Oe ane Schweber Electronics 41, 42, 43, 44, 79 

roduce a notch .375 + .001 wide x. ae d eep x 1” long with no “ 
internal radius allowed on the end of silicon carbide sticks. The pieces Semiconductor Products 
are for use as dummy loads in high frequency waveguides. Previously, the Magazine 
Dee ee cut with carbide drills and the notch produced with diamond Semimetale cine: 
SOLUTION: A Raytheon Impact Grinding Analyst recommended drilling Sprague Electric Co. Cover IV 
and notching with a Raytheon Impact Grinder using mild steel tools for Sylvania Electric Products, Inc. 
both applications. Chemical & Metallurgical 
RESULT: Time dramatically reduced by 1914 hours per piece. Expendable Division 


tool costs virtually eliminated. 


HOW YOU CAN BENEFIT: Whatever your difficult 
cutting, slicing, drilling or shaping problem—in 
hard or brittle material, your Raytheon Impact 
Grinding Analyst can help you solve it. For full 
details, fill out the enclosed coupon and send it in. 
No cost or obligation. Excellence in Electronics 


| Fic Sane Sve Ta Rm aN Ng Bt 


Tektronix, Inc. 


Texas Instruments Incorporated, 
Semiconductor-Components 
Division Cover II, 18 


TO: RAYTHEON COMPANY 
PRODUCTION EQUIPMENT OPERATIONS 
MANCHESTER, NEW HAMPSHIRE 


(0 Please send me literature on Raytheon 
Impact Grinders. 


IL THI 
MA S 0 Please have a Raytheon Impact Grinding Analyst 


COUPON contact me. 


My problem is: (describe metals or non-metals involved, 


FOR FREE tolerances, etc.) 
ANALYSIS 
—without 


cost or 
obligation. Oy 


I 
| 
I 
Ultrasonic Industries 


United Carbon Products Co. .. 


Welch, W. M. Manufacturing Co. 83 


Wanted to Buy New Surplus 
TRANSISTORS, DIODES 
RECTIFIERS, ETC. . . 

We specialize in disposing of surplus semiconductor 
devices, and can offer the highest cash return for 
your idle inventory. 
ELECTRONIC LABORATORY SUPPLY CO. 
7208 Germantown Ave., Phila., 19, Pa. 


a 


COMPANY_ 


ADDRESS. 


CMT Ve ae ee STATE 


ee 
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good reasons for letting 


KNAPIC grow your 


Ban é es 


aiermrmenr mv skiaasa ts 


Silicon Crystals 


ajor manufacturers of semiconductor devices have found 
at Knapic Electro-Physics, Inc. can provide production 
antities of highest quality silicon and germanium mono- 
ystals far quicker, more economically, and to much tighter 
ecifications than they can produce themselves. 


Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to %”—None; %” to %"”— 
less than 10 per sq. cm.; %” to 

1%" —less than 100 per sq. cm.; 

1%" to 2” less than 1000 per sq. cm, 


1e reason? Knapic Electro-Physics are specialists with ac- 
lerated experience in growing new materials to specification. 


hy not let us grow your crystals too? 


Check These Advantages 


remely low dislocation densities. 

it horizontal and vertical resistivity tolerances. oe ; El : 
meters from 1/4,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 0". 7 

| Oxygen content 1x10!” per cc., 1x10! for special Knapic small diameter material. apic ectro Physics, Ine. 
ing subject to customer specification, usually boron for P type, phosphorous for N type. 936-40 Industrial Ave., Palo Alto, Calif. * Phone DAvenport 1-5544 
times: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- SALES OFFICES: 


ands; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter Eisiara—AD5 Lexington Avenue, New York, NY. 
erial over 1000 microseconds. 


° Phone YUkon 6-0360 
Western—204 South Beverly Dr., Beverly Hills, Calif. *« Phone CRestview 6-7175 


Speci fication Sheets Available European— #2 Prins Frederick Hendriklaan, Naarden, Holland * Phone K 2959-8988 
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new transistors from Sprague* 


SUPER HIGH-SPEED 
SWITCHING TRANSISTORS 


TYPE 2N301 


0000000000000 OO8OSCO8O8EEE®S Seeeeeoeeeoeoeoeeoeoeoeeeeseeeeeeeeeg 
@ @ & 

. Typical Maximum Units e e e 
g @ ; ° t 

: Rise Time (t,) 9 18 musec e@ _ Also available as special type 2N501A for ¢ 
@ e : e 

. Storage Time (ts) 9 12 musec e 100° C. maximum storage and ‘ 
. ) e : : e 

. Fall Time (ts) 7; 10 musec e junction temperatures. é 
@ 

. In circuit with current gain of 10 and voltage turnoff. ; = M 
2000080080008 80080000808 808088888 @©@e000€00600008000008008000000800600680 


This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor. 


Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 


Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds. 


Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors. 


Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 467 Marshall Street, North Adams, Massachusetts. 


aK Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable- 


SPRAGUE COMPONENTS: Gy 
TRANSISTORS « CAPACITORS +« RESISTORS 
MAGNETIC COMPONENTS °¢ INTERFERENCE FILTERS. 


PULSE NETWORKS « HIGH TEMPERATURE MAGNET 

WIRE «© CERAMIiC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 
if 


a eet 
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